
VECTORS FOR DIRECTIONAL CLONING

Cross-Reference to Related Applications

This application is a continuation-in-part of U.S. application Serial

5 No.10/678,961, entitled "Vectors for Directional Cloning", filed on October 3,

2003, the disclosure ofwhich is incorporated by reference herein.

Background of the Invention

Molecular biotechnology has revolutionized the production of protein

10 compounds of pharmacological importance. The advent of recombinant DNA

technology permitted for the first time the production of proteins on a large scale in

a recombinant host cell rather than by the laborious and expensive isolation of the

protein from cells or tissues which may contain minute quantities of that protein.

The production of proteins, including human proteins, on a large scale in a host

1 5 requires the ability to express the protein of interest in a host cell, e.g., a

heterologous host cell. This process typically involves isolation or cloning of the

gene encoding the protein of interest followed by transfer of the coding region (open

reading frame) into an expression vector which contains elements (e.g., promoters)

which direct the expression of the desired protein in the host cell. The most

20 commonly used means of transferring or subcloning a coding region into an

expression vector involves the in vitro use of restriction endonucleases and DNA

ligases. Restriction endonucleases are enzymes which generally recognize and

cleave a specific DNA sequence in a double-strand DNA molecule. Restriction

enzymes are used to excise a DNA fragment which includes a coding region of

25 interest from the cloning vector and the excised DNA fragment is then joined using

DNA ligase to a suitably cleaved vector with transcription regulatory sequences in

such a manner that a functional protein can be expressed when the resulting

expression vector is introduced to a cell or an in vitro transcription/translation

mixture.

30 A problem in controlling fragment orientation in fragments generated by

restriction enzymes is that many of the commonly used restriction enzymes produce
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termini that are rotationally equivalent, and therefore, self-ligation ofDNA

fragments with such termini is random with regard to fragment orientation. Hartley

and Gregori (Gene , 13:347 (1981)) reported a technique to control fragment

orientation during ligation, which required the introduction ofAval sites flanking

5 either end of the cloned fragment (also see Hartley and Gregori, U.S. Patent No.

4,403,036). Since Aval cleavage produces distinguishable ends, self-ligation of the

fragment results in a strong bias toward head-to-tail orientation. This is so because

head-to-head and tail-to-tail ligation results in base mismatches. The polymerized

molecules were then inserted into a vector and used to transform E. coli.

10 In a similar approach, Ikeda et al. (Gene , 71:19 (1988)) produced head-to-

tail tandem arrays of a DNA fragment encoding a human major histocompatibility

antigen that was flanked by Sfil cleavage sites. Sfil produces single-strand DNA

overhangs that are not rotationally equivalent. Sfil sites have also been used to

produce copolymers of gene expression cassettes and selection markers, which can

1 5 be used to transfect cells (Monaco et al., Biotechnol. Appl. Biochem. , 20: 1 57

(1994); Asselbergs et al, Anal. Biochem. , 243:285 (1996)). Monaco et al. treated

the copolymer with Notl to cleave the DNA at the 3' end of the selectable marker

gene. In this way, transfected DNA molecules contain only one selectable marker

gene per copolymer.

20 Class IIS restriction enzymes can generate totally asymmetric sites and

complementary cohesive ends. Kim and Szybalski (Gene, 71:1 (1988)) introduced

sites for BspMI, a class IIS restriction enzyme, at either end of cloned DNA. Self-

ligation of the cloned DNA provided multimers comprising repeat units in the same

orientation. Similarly, Takeshita et al. (Gene , 71:9 (1988)) achieved tandem gene

25 amplification by inserting a fragment encoding human protein C into a plasmid to

introduce asymmetric cohesive ends into the fragment. In this case, sites for the

class IIS enzyme, BstXl, were used. The multimer was then cloned into a cosmid

vector comprising a neo gene, packaged into lambda phage particles, and amplified

in E. coli. The cosmid vectors were then introduced into Chinese hamster ovary

30 DHFR-cells, which were treated with G418 to select for cells that expressed the neo

gene. Takeshita et al. also found that cells expressed human protein C, albeit at
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lower levels, following transfection with unpackaged tandem ligated DNA

comprising copies of the cosmid vector and the human protein C gene.

A similar approach was described by Lee et al. (Genetic Analysis:

Biomolecular Engineering , 13:139 (1996)), who amplified target DNA as tandem

5 multimers by cloning the target DNA into a class IIS restriction enzyme cleavage

site of a vector, excising a monomelic insert with the class IIS restriction enzyme,

isolating monomelic inserts, self-ligating the inserts, and cloning the multimers into

a vector. According to Lee et ah, such a method is useful for polymerizing short

DNA fragments for the mass production of peptides.

10 Another approach for forcing directional ligation is to devise synthetic

linkers or adapters that are used to create asymmetric cohesive ends. For example,

Taylor and Hagerman (Gene , 53:139 (1987)) modified the Hartley-Gregori

approach by attaching synthetic directional adapters to a DNA fragment in order to

establish control over fragment orientation during ligation. Following

15 polymerization, the multimers were ligated to a linearized vector suitable for E. coli

transformation. Stahl et al. (Gene , 89:187 (1990)) described a similar method for

polymerizing DNA fragments in a head-to-tail arrangement. Here, synthetic

oligonucleotides were designed to encode an epitope-bearing peptide with 5'-

protruding ends complementary to the asymmetric cleavage site of the class IIS

20 restriction enzyme, BspML After polymerization, the peptide encoding fragments

were inserted into the unique BspMl site cleavage site of a vector, which was used

to transform E. coli. Clones were screened using the polymerase chain reaction, and

then subcloned into prokaryotic expression vectors for production of the peptides in

E. coli.

25 Nevertheless, the ability to transfer a desired coding region to a vector with

transcription regulatory sequences is often limited by the availability or suitability

of restriction enzyme recognition sites. Often multiple restriction enzymes must be

employed for the removal of the desired coding region and the reaction conditions

used for each enzyme may differ such that it is necessary to perform the excision

30 reactions in separate steps. In addition, it may be necessary to remove a particular

enzyme used in an initial restriction enzyme reaction prior to completing remaining

3



restriction enzyme digestions. This requires a time-consuming purification of the

subcloning intermediate. It also may be necessary to inactivate restriction enzymes

prior to ligation.

Methods for the directional transfer of a target DNA molecule from one

5 vector to another in vitro or in vivo without the need to rely upon restriction enzyme

digestions have been described. For example, the Creator™ DNA cloning kit

(Clontech Laboratories, Inc.) uses Cre-loxP site-specific recombination to catalyze

the transfer of a target gene from a donor vector to an acceptor vector, which is a

plasmid containing regulatory elements of the desired host expression system (see

10 also U.S. Patent No. 5,851,808). Cre, a 38-kDa recombinase protein from

bacteriophage PI, mediates recombination between or within DNA sequences at

specific locations called loxP sites (Sauer, Biotechniques , 16:1086 (1994);

Abremski et al, J. Biol. Chem. , 259:1509 (1984)). These sites consist of two 13 bp

inverted repeats separated by an 8 bp spacer region that provides directionality to

15 the recombination reaction. The 8 bp spacer region in the loxP site has a defined

orientation which forces the target gene to be transferred in a fixed orientation and

reading frame. Donor vectors in the kit contain two loxP sites, which flank the 5'

end of a multiple cloning site (MCS) and the 5' end of the open reading frame for

the chloramphenicol resistance gene. Donor vectors also contain the ampicillin

20 gene for propagation and selection in E. coli, and the sucrase gene from B. subtilis

(SacB) for selection of correct recombinants. Acceptor vectors in the kit contain a

single loxP site, followed by a bacterial promoter, which drives expression of the

chloramphenicol marker after Cre-fox-mediated recombination. The gene of

interest, once transferred, becomes linked to the specific expression elements for

25 which the acceptor vector was designed. If the coding sequence for the gene of

interest is in frame with the upstream loxP site in the donor vector, it is in frame

with all peptides in the acceptor vector.

The Gateway™ Cloning System uses phage lambda-based site-specific

recombination. The LR Reaction is a recombination reaction between an entry

30 clone having mutant attL sites and a vector (a Destination Vector, pDEST™) having

the corresponding mutant attR site, mediated by a cocktail of recombination
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proteins (X recombination proteins Int, Xis, and the E. co/i-encoded protein IHF), to

create an expression clone. The BP Reaction is a recombination reaction between

an expression clone (or an attB-flanked PCR product) and a donor vector to create

an entry clone. The BP reaction permits rapid, directional cloning ofPCR products

5 synthesized with primers containing terminal 25 bp attB sites (+4 Gs). The result is

an entry clone containing the PCR fragment. Similarly, DNA segments flanked by

attB sites in an expression clone can be transferred to generate entry clones which

can be used to move the sequence of interest to one or more destination vectors in

parallel reactions to generate expression clones. The resultant 25 bp attB sites

10 (a//Bl on the left (N-terminus) and attB2 on the right (C-terminus)) created by the

LR reaction are derived from the attL sites (adjacent to the gene), whereas the distal

sequences are derived from the attR sites.

However, the protein encoded by Cre-/oJtP based expression vectors or other

site-specific recombinase based vectors, e.g., the Gateway™ Cloning System, has

15 numerous, for instance, 8 to 13, amino acid residues at the N-terminus and C-

terminus of the protein, which residues are encoded by the site-specific

recombination exchange sites.

Thus, what is needed is an improved method to directionally clone a nucleic

acid sequence of interest.

20

Summary of the Invention

The invention provides methods and vectors for use in directional cloning.

In one embodiment, a vector comprising an open reading frame of interest (a donor

vector) comprises at least two restriction enzyme recognition sites ("restriction

25 enzyme sites", "restriction sites" or "recognition sites") flanking the open reading

frame (DNA sequence of interest), wherein at least one of the flanking sites is a site

for a first restriction enzyme which generates hapaxoterministic ends, e.g., a

restriction enzyme with a degenerate recognition sequence or one which cleaves

outside of a recognition sequence yielding single-strand ends, and other vector

30 sequences (backbone sequences) for replication and/or maintenance of the vector in

a host cell and, optionally, one or more detectable, e.g., selectable, marker genes. In
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one embodiment, a donor vector comprises at least two restriction enzyme sites

flanking the open reading frame, wherein at least one of the flanking sites is for a

first restriction enzyme which is a hapaxoterministic restriction enzyme, e.g., a

restriction enzyme with a degenerate recognition sequence, which site, once

5 cleaved, does not result in self complementary single-strand DNA overhangs or

blunt ends, i.e., the ends are non-self complementary single-strand DNA overhangs.

In another embodiment, the donor vector comprises at least two restriction enzyme

sites flanking the open reading frame, wherein at least two of the flanking sites are

for a first restriction enzyme with a hapaxomeric recognition sequence, and

10 optionally for the same restriction enzyme, which sites, once cleaved, yield a linear

DNA fragment which does not have self-complementary single-strand DNA

overhangs or blunt ends. Such a vector may be employed as a source of the open

reading frame to prepare a vector for expression of the linked open reading frame (a

recipient or expression vector). The backbone sequences in the recipient vector are

1 5 generally provided by an acceptor vector which contains transcriptional regulatory

sequences and optionally sequences for the production of fusion proteins. The

acceptor vector also comprises non-essential DNA sequences flanked by at least two

restriction enzyme sites for a second restriction enzyme with a hapaxomeric

recognition sequence, and optionally one or more detectable, e.g., selectable, marker

20 genes. In one embodiment, the two flanking restriction enzyme sites in the acceptor

vector for the second restriction enzyme are sites which, once cleaved, do not result

in self complementary single-strand DNA overhangs or blunt ends but yield a linear

DNA fragment having single-strand DNA overhangs that are complementary with

one of the two DNA overhangs generated by the first restriction enzyme. Once the

25 linearized DNA fragments are ligated to form a recipient vector, the recipient vector

may be introduced to cells, e.g., prokaryotic cells such as E. coli cells, insect cells,

plant cells, mammalian cells, or lysates thereof or to in vitro transcription/translation

mixtures, so as to yield a transformed cell that expresses a protein encoded at least

in part by the open reading frame.

30 In one embodiment, the invention provides a method for the directional

subcloning ofDNA fragments. The method includes providing a first vector
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comprising a first selectable marker gene and a DNA sequence of interest, which

DNA sequence of interest is flanked by at least two restriction enzymes sites,

wherein at least two of the flanking restriction enzyme sites are sites for a first

restriction enzyme which is a hapaxoterministic restriction enzyme, and wherein

5 digestion of the first vector with the first restriction enzyme generates a first linear

DNA fragment which lacks the first selectable marker gene but comprises the DNA

sequence of interest and a first pair of non-self complementary single-strand DNA

overhangs. A second vector for the method is provided which includes a second

selectable marker gene which is distinguishable from the first selectable marker

10 gene and non-essential DNA sequences, optionally including a counterselectable

gene, which non-essential DNA sequences are flanked by at least two restriction

enzyme sites, wherein at least two of the flanking restriction enzyme sites are for a

second restriction enzyme which is a hapaxoterministic restriction enzyme, wherein

digestion of the second vector with the second restriction enzyme generates a

1 5 second linear DNA fragment which lacks the non-essential DNA sequences but

comprises the second selectable marker gene and a second pair of non-self

complementary single-stranded DNA overhangs, and wherein each of the second

pair of non-self complementary single-strand DNA overhang is complementary to

only one of the single-strand DNA overhangs of the first pair of non-self

20 complementary single-strand DNA overhangs and permits the oriented joining of

the first linear DNA fragment to the second linear DNA fragment. The first and

second vectors, the first vector and the second linear DNA fragment, or the second

vector and the first linear DNA fragment are combined in a suitable buffer with one

or more of the restriction enzymes which are hapaxoterministic restriction enzymes

25 and optionally DNA ligase under conditions effective to result in digestion and

optionally ligation to yield a mixture optionally comprising a third vector

comprising the first and second linear DNA molecules which are joined in an

oriented manner via the first and second pairs of non-self-complementary single-

strand DNA overhangs. In one embodiment, ligase is added simultaneously with

30 the one or more restriction enzymes, while in another embodiment, ligase is added

subsequent to the one or more restriction enzymes. Optionally, the mixture is
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introduced into a host cell, and optionally the transformed host cells are selected for

the expression of second selectable marker gene or against the expression of the

counterselectable gene. The method may also include identifying a third vector in

which the DNA sequence of interest has been transferred in an oriented manner to

5 the second linear DNA fragment. In one embodiment, the first restriction enzyme is

Sfil, Sapl or an isoschizomer thereof. In one embodiment, the first restriction

enzyme is Sfil or an isoschizomer thereof and the second restriction enzyme is Bgll

or an isoschizomer thereof. In one embodiment, the second restriction enzyme is

Earl or an isoschizomer thereof. In another embodiment, the first and second

10 restriction enzymes are the same. Optionally, the DNA sequence of interest

comprises an open reading frame comprising one or more sites for the first or

second restriction enzyme. In this embodiment, optionally, prior to digestion with

the one or more restriction enzymes, the sites for the one or more restriction

enzymes in the open reading frame are protected so as to prevent digestion, e.g.,

1 5 protected by methylation such as with Haelll methylase, Sapl methylase, or Sfil

methylase. Alternatively, prior to methylation, the flanking sites for the first or

second restriction enzyme are contacted with an oligonucleotide complementary to

the flanking restriction enzyme site and RecA. In one embodiment, ligation and

oriented joining yields a third vector encoding a N-terminal fusion protein which is

20 encoded by the DNA sequence of interest and nucleic acid sequences 5
!

to the 3* end

of the second linear DNA fragment. In another embodiment, ligation and oriented

joining yields a third vector encoding a C-terminal fusion protein which is encoded

by the DNA sequence of interest and nucleic acid sequences 3
!

to the 5' end of the

second linear DNA fragment. In yet another embodiment, ligation and oriented

25 joining yields a third vector encoding a fusion protein which is encoded by the DNA

sequence of interest and nucleic acid sequences 5' and 3
1

to the respective 3' and 5'

end of the second linear DNA fragment. In a further embodiment, ligation and

oriented joining yields a third vector encoding a fusion protein which is encoded by

the DNA sequence of interest and the exchange site(s) created by the oriented

30 joining.
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Thus, the invention also provides a vector system for cloning. In one

embodiment the system includes a first vector comprising a selectable marker gene

and a DNA sequence of interest, which DNA sequence of interest is flanked by at

least two restriction enzyme sites, wherein at least two of the flanking restriction

5 enzyme sites are for a first restriction enzyme which is a hapaxoterministic

restriction enzyme, wherein digestion of the first vector with the first restriction

enzyme generates a first linear DNA fragment which does not comprise the first

selectable marker gene but comprises the DNA sequence of interest and a first pair

of non-self complementary single-strand DNA overhangs, wherein the first

10 restriction enzyme sites are designed such that the first linear DNA fragment can be

religated directly to a second vector. The system optionally includes a second

vector, which includes a second selectable marker gene which is distinguishable

from the first selectable marker and non-essential DNA sequences, optionally

including a counterselectable gene, which non-essential DNA sequences are flanked

15 by at least two restriction enzyme sites, wherein two or more of the flanking

restriction enzyme sites in the second vector are for a second restriction enzyme

which is a hapaxoterministic restriction enzyme, wherein digestion of the second

vector with the second restriction enzyme generates a second linear DNA fragment

which lacks the non-essential DNA sequences but comprises the second selectable

20 marker gene and a second pair of non-self complementary single-strand DNA

overhangs, wherein each of the second pair of non-self complementary single-strand

DNA overhangs is complementary to only one of the single-strand DNA overhangs

of the first pair of non-self complementary single-strand DNA overhangs and

permits the oriented joining of the first linear DNA fragment to the second linear

25 DNA fragment. Further provided is a kit which includes one or more vectors of the

vector system.

Also provided is a method for producing a vector suitable for expression of

an amino acid sequence of interest. The method includes combining at least two

vectors in a suitable buffer with one or more restriction enzymes and optionally

30 DNA ligase under conditions effective to result in digestion and optionally ligation

to yield a mixture optionally comprising a third vector. A first vector for use in the
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method includes a first selectable marker gene and a DNA sequence of interest,

which DNA sequence of interest is flanked by at least two restriction enzyme sites,

wherein two or more of the flanking restriction enzyme sites are sites for a first

restriction enzyme which is a hapaxoterministic restriction enzyme, wherein

5 digestion of the first vector with the first restriction enzyme generates a first linear

DNA fragment which lacks the first selectable marker gene but comprises the DNA

sequence of interest and a first pair non-self complementary single-strand DNA

overhangs. A second vector comprises a second selectable marker gene which is

distinguishable from the first selectable marker gene and non-essential DNA

10 sequences that optionally include a counterselectable gene, which non-essential

DNA sequences are flanked by two or more restriction enzyme sites, wherein two or

more of the flanking sites in the second vector are for a second restriction enzyme

which is a hapaxoterministic restriction enzyme. Digestion of the second vector

with the second restriction enzyme generates a second linear DNA fragment which

15 lacks non-essential DNA sequences but comprises the second selectable marker

gene and a second pair of non-self complementary single-strand DNA overhangs,

wherein each of the second pair of the non-self-complementary DNA overhangs is

complementary to only one of the single-strand DNA overhangs of the first pair of

non-self complementary single-strand DNA overhangs, and permits the oriented

20 joining of the first linear DNA fragment to the second linear DNA fragment. In one

embodiment, the DNA sequence of interest encodes one or more domains of one or

more proteins.

In one embodiment, at least one restriction enzyme site flanking the open

reading frame of interest is for a restriction enzyme that recognizes an internal

25 palindrome, e.g., a type II enzyme such as Sfil or BgH, including but not limited to

restriction enzymes that generate more than two types of staggered ends (DNA

overhangs) due to the ambiguity in base recognition, for instance, Ahdl, AlwNl,

ApaBl, Bgtl, Blpl, BstAPl, BstEll, BstXl, Bsu361, Drall, Dram, Drdl, EamllOSl,

EcoNl, PfiMl, Pssl, Saul, Sfil, Xcml, as well as isoschizomers thereof, but not

30 restriction enzymes that generate blunt ends. In another embodiment, at least one

restriction enzyme site flanking the open reading frame of interest is for a type IIS
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enzyme, e.g., Sapl or Earl, such as restriction enzymes that generate ends outside of

their recognition sites including but not limited to Aarl, Acelll, Alol, Bael, Bbrll,

Bbvl, Bbvll, Bed, BceS3l, BceAl, Bcefl, Bcgl, BciYl, Bfil, Binl, Bpll, BsaXl,

BscAl, BseMll, BseRI, Bsgl, Bsml, BsmAI, BsmFl, Bsp24l, BspCNl, BspMl, Bsrl,

5 BsrDl, BstFSl, BtgZl, Btsl, Cjel, CjePl, Ecil, Eco3 1 1, Eco57l, Eco51M\, Esp3l,

Fall, Faul, Fokl, Gsul, HaeTV, Hgal, HinAl, Hphl, HpyAV, Ksp632I (Earl), Mboll,

Mlyl, Mmel, MnU., Plel, Ppil, Psrl, RleAl, Sapl, VapK32l, SfaM, SspDSl, Sthl32l,

Stsl, Taqll, TspUll, TspGWl, TspRl, mil III, as well as isoschizomers thereof. In

a further embodiment, one of the restriction enzymes is a class IIS restriction

1 0 enzyme, including but not limited to AccBll, Acelll, AcPNl, Adel, Ahdl, Alw26l,

Alwl, AlwM, ApaBl, AspEl, Aspl, AsuBPl, Bbsl, Bbvl, Bbvll, Bce83l, Bcefl, BciVl,

Bfil, BgK, Binl, Bmrl, Bpil, Bpml, BpuAl, Bsal, Bse3Dl, Bse4l, BseGl, BseLl,

BseRI, Bsgl, Bsll, BsmAI, Bsrn&l, BsmFl, BspMl, BsrDl, Bstlll, BstAPl, BstF5l,

BstXl, Bsu6l, Dralll, Drdl, DseDl, Eaml 1041, Eaml 1051, Earl, EchHKl, Eco3\l,

15 EcoSll, Ecom, il396I, Esp3l, Fokl, Faul, Gsul, Hgal, Hphl, Mboll, MsiYl, Mwol,

NruGl, PflMl, PflFl, Plel, SfaNl, TspRl, Ksp632l, Mmel, RleAl, Sapl, Sfil, Taqll,

Tthl 1 II, Tth 1 1 III, Van9ll, Xagl, Xcml, or a restriction enzyme which has the same

recognition site as AccBll, Acelll, AclWl, Adel, Ahdl, Alw26l, Alwl, AlwNl, ApaBl,

AspEl, Aspl, AsuHPl, Bbsl, Bbvl, Bbvll, BceS3l, Bcefl, BciVl, Bfil, Bgll, Binl,

20 Bmrl, Bpil, Bpml, BpuAl, Bsal, Bse3Dl, Bse4l, BseGl, BseLl, BseRI, Bsgl, Bsll,

BsmAI, BsmBl, BsmFl, BspMl, BsrDl, Bstl II, BstAFl, BstFSl, BstXl, Bsu6l,

Dralll, Drdl, DseDl, Eaml 1041, Eaml 1051, Earl, EchHKl, Eco3ll, EcoSll, EcoNl,

il396I, Esp3l, Fokl, Faul, Gsul, Hgal, Hphl, Mboll, MsiYl, Mwol, NruGl, PflMl,

PflFl, Plel, SfaNl, TspRl, Ksp632l, Mmel, RleAl, Sapl, Sfil, Taqll, Tthl 111,

25 Tth 1 1 1 H, Van9 1 1, Xagl, Xcml, or is Aval, Ama&ll, Bcol, BsoBl, EcoSSl, Avail,

EcoAll, Bmel%l, HgiEl, Sinl, Banl, AccBll, BshNl, Eco64l, Bfml, BstSFl, Sfcl,

BpulQl, BsaMl, BscCl, Bsml, Mval269l, Bshl285l, BsaOl, BsiEl, BstMCl, Bsell,

BseNl, Bsrl, CfrlOl, Bsil, BssSl, Bst2Bl, BsiZl, AspS9l, Qrl3I, Sau96l, Bspl720l,

Blpl, Bpu\ 1021, CeKl, BstACl, BsiDEl, Ddel, Cpol, Cspl, Rsrll, Dsal, BstDSl,

30 £co24I, Banll, £coT38I, FriOl, HgiJU, £col30I, Styl, BssTll, £coT14I, Erhl, Espl,

Blpl, Bpu\ 1021, 55^17201, CeM, HgiAl, BsMKAl, Alw2ll, AspYll, Bbvl2l, HinfL
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PspPVl, PpuMl, PspSIl, SanDl, Sdul, &spl286I, Bmyl, Seel, BsaJl, BseDl, Sfcl,

Bfml, BstS¥l, Smll, or a restriction enzyme which has the same recognition site as

Aval, AmaZll, Bcol, BsoBI, EcoSSl, Avail, EcoAll, BmelSl, HgiEl, Sinl, Banl,

AccBll, BshNl, Eco64l, Bfml, Bs&Yl, Sfcl, BpulOl, BsaMl, BscCl, Bsml,

5 Mval269I, Bsh\2%5l, BsaOl, BsiEl, BstMCl, Bsell, BseNl, Bsrl, CfrlOl, Bsil,

BssSl, BsOBl, BsiZl AspS91, CfrUl, Sau96l9
BsplllOl, Blpl, Bpul 1021, Celll,

BstACl, BstDEl, Ddel, Cpol, Cspl, Rsrll, Dsal, BstDSl, EcolAl, Banll, ^coT38I,

FriOl, HgiJll EcoUQI, Styl, BssTll, EcoTUI, Erhl, Espl, Blpl, Bpull02l,

Bspl720l, Celll, HgiAI, BsiHKAI, Alwlll, Aspttl, BbvUI, Hinfl, PspP?I
9
PpuMl,

1 0 PspSIl, SanDl, Sdul, Bspl286I, Bmyl, Seel, BsaJI, BseDl, Sfcl, Bfml, BstSFl, Smll.

In one embodiment, one of the restriction enzymes is Aarl, Ascl, BbrCl, Cspl, Dral,

Fsel, Notl, Nrul, Pad, Pmel, Pvul, Sapl, Sdal, Sfil, Sgfl, Spll, Srfl, Swal, or a

restriction enzyme that has the same recognition site as Aarl, Ascl, BbrCl, Cspl,

Dral, Fsel, Notl, Nrul, Pad, Pmel, Pvul, Sapl, Sdal, Sfil, Sgfl, Spll, Srfl, Swal.

1 5 In another embodiment, the invention provides a donor vector comprising an

open reading frame of interest flanked by at least two restriction enzyme sites, one

ofwhich flanking sites is for a first restriction enzyme that has a low frequency,

e.g., fewer than about 25%, for instance, including fewer than about 20%, 10%, 5%

or even fewer, e.g., about 1%, of recognition sites in a plurality of, for instance, 3 or

20 more, including 100, 1,000, 10,000 or more, cDNAs or open reading frames for a

particular species (an "infrequent cutter") and generates single-strand DNA

overhangs, and the other of which flanking sites is for a second restriction enzyme

that has a low frequency of recognition sites in a plurality ofcDNAs or open

reading frames for a particular species, for instance, the same species as for the first

25 restriction enzyme, and generates ends that are not complementary to the overhangs

generated by the first restriction enzyme. In one embodiment, the second restriction

enzyme generates blunt ends (a "blunt cutter"). The frequency of a particular

restriction enzyme recognition site in one or more nucleic acid molecules can be

determined by methods well-known to the art. For instance, databases with a

30 plurality ofcDNA sequences or open reading frames for a particular organism may

be employed to determine such a frequency. A donor vector of the invention may

12



be employed as a source of the open reading frame of interest to prepare a recipient

vector of the invention. The backbone sequences in the recipient vector are

generally provided by an acceptor vector having transcriptional regulatory

sequences of interest and optionally sequences for the production of fusion proteins.

5 The acceptor vector also comprises non-essential DNA sequences flanked by at

least two restriction enzyme sites, and one or more detectable marker genes. In one

embodiment, one of the flanking sites in the acceptor vector is for a third restriction

enzyme which generates single-strand DNA overhangs, which single-strand DNA

overhangs are complementary with the single-strand DNA overhangs produced

10 when the donor vector is digested with the first restriction enzyme. The other

flanking site in the acceptor vector is for a fourth restriction enzyme which

generates ends that are not complementary to the ends generated by the first or third

restriction enzyme but are compatible, i.e., can be ligated to, with ends generated by

the second restriction enzyme. In one embodiment, the second and fourth

15 recognition enzymes are blunt cutters and the restriction sites for the second and

fourth restriction enzymes are not recognized by the same restriction enzyme. In

one embodiment, the open reading frame encodes one or more domains of one or

more proteins.

Thus, the invention provides a method for the directional subcloning of

20 DNA fragments. The method includes providing a first vector comprising a first

selectable marker gene and a DNA sequence of interest, which DNA sequence of

interest is flanked by at least two restriction enzyme sites, wherein at least one of the

flanking restriction enzyme sites is a site for a first restriction enzyme which has

infrequent restriction sites in cDNAs or open reading frames from at least one

25 species and generates complementary single-strand DNA overhangs, wherein at

least one of the flanking restriction enzyme sites is for a second restriction enzyme

which has infrequent restriction sites in cDNAs or open reading frames from at least

one species and generates ends that are not complementary to the overhangs

generated by the first restriction enzyme, wherein digestion of the first vector with

30 the first restriction enzyme and the second restriction enzyme site generates a first

linear DNA fragment which lacks the first selectable marker gene but comprises the
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DNA sequence of interest. Also provided is a second vector comprising a second

selectable marker gene which is distinguishable from the first selectable marker

gene and non-essential DNA sequences, optionally including a counterselectable

gene, which non-essential sequences are flanked by at least two restriction enzymes

5 sites, wherein at least one of the flanking restriction enzyme sites in the second

vector is for a third restriction enzyme which generates complementary single-

strand DNA overhangs that are complementary to the single-strand DNA overhang

generated by the first restriction enzyme in the first linear DNA fragment, wherein

at least one of the flanking restriction sites in the second vector is for a fourth

10 restriction enzyme which generates ends that are not complementary to the ends

generated by the first or third restriction enzyme but can be ligated to the ends

generated by the second restriction enzyme, and wherein digestion of the second

vector with the third restriction enzyme and the fourth restriction enzyme generates

a second linear DNA fragment which lacks non-essential DNA sequences but

15 comprises the second selectable marker, which second linear DNA fragment is

flanked by ends which permit the oriented joining of the first linear DNA fragment

to the second linear DNA fragment. The first and second vectors, the first vector

and the second linear DNA fragment, or the second vector and the first linear DNA

fragment are combined in a suitable buffer with one or more restriction enzymes

20 and optionally DNA ligase under conditions effective to result in digestion and

optionally ligation to yield a mixture optionally comprising a third vector

comprising the first and second linear DNA molecules which are joined in an

oriented manner. Optionally, prior to digestion with the one or more restriction

enzymes, the sites for the one or more restriction enzymes in the open reading frame

25 are protected so as to prevent digestion. In one embodiment, the sites are protected

by methylation and, optionally, prior to methylation, the flanking sites for the first

or second restriction enzyme are contacted with an oligonucleotide complementary

to the flanking restriction enzyme site and RecA. In one embodiment, the second

restriction enzyme generates blunt ends and the first linear DNA fragment is flanked

30 by a first single-strand DNA overhang and a blunt end. In one embodiment, the first

and third restriction enzymes are not the same. In another embodiment, the second
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and fourth restriction enzymes are not the same or each generates blunt ends. In

another embodiment, the DNA sequence of interest comprises an open reading

frame comprising one or more sites for the first or second restriction enzyme.

Further provided is a vector system for cloning. The vector system includes

5 a first vector comprising a first selectable marker gene and a DNA sequence of

interest, which DNA sequence of interest is flanked by at least two restriction

enzyme sites, wherein at least one of the flanking restriction enzyme sites is a site

for a first restriction enzyme which has infrequent restriction sites in cDNAs or

open reading frames from at least one species and generates complementary single-

10 strand DNA overhangs, wherein at least one of the flanking restriction enzyme sites

is for a second restriction enzyme which has infrequent restriction sites in cDNAs or

open reading frames from at least one species and generates ends that are not

complementary to the overhangs generated by the first restriction enzyme, wherein

digestion of the first vector generates a first linear DNA fragment which lacks the

1 5 first selectable marker gene but comprises the DNA sequence of interest, wherein

the restriction enzyme sites are designed such that the first linear DNA fragment can

be religated directly to a second vector. The second vector includes a second

selectable marker gene which is distinguishable from the first selectable marker

gene and non-essential DNA sequences, optionally including a counterselectable

20 gene, which non-essential DNA sequences are flanked by at least two restriction

enzymes sites, wherein at least one of the flanking restriction enzyme sites in the

second vector is for a third restriction enzyme which generates complementary

single-strand DNA overhangs which are complementary to the single-strand DNA

overhangs generated by the first restriction enzyme, wherein at least one of the

25 flanking restriction sites in the second vector is for a fourth restriction enzyme

which generates ends that are not complementary to the ends generated by the first

or third restriction enzyme but can be ligated to the ends generated by the second

restriction enzyme. Digestion of the second vector with the third and fourth

restriction enzymes generates a second linear DNA fragment which lacks the non-

30 essential DNA sequences but comprises the second selectable marker gene, wherein

the second linear DNA fragment is flanked by ends which permit the oriented
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joining of the first linear DNA fragment to the second linear DNA fragment. A kit

comprising one or more of the vectors of the vector system is also provided.

In one embodiment, the second restriction enzyme generates blunt ends and

the first linear DNA fragment is flanked by a first single-strand DNA overhang and

5 a blunt end. In one embodiment, the first and third restriction enzymes are not the

same. In another embodiment, the second and fourth restriction enzymes are not the

same or each generates blunt ends. For instance, in one embodiment, one of the

restriction enzymes is Aarl, Ascl, BbrCl, Cspl, Dral, Fsel, Noil, Nrul, Pad, Pmel,

Pvul, Sapl, Sdal, Sfil, Sgfl, SpH, Srfl, Swal, or a restriction enzyme which has the

1 0 same recognition site as Aarl, Asd, BbrCl, Cspl, Dral, Fsel, Noil, Nrul, Pad,

Pmel, Pvul, Sapl, Sdal, Sfil, Sgfl, Spa, Srfl, Swal.

In one embodiment, at least one restriction enzyme site flanking the open

reading frame of interest is for one of Sgfl, Pvul or Pad, restriction enzymes which

generate ends compatible with Sgfl, e.g., Sgfl, Pvul, BstKTl or Pad, or restriction

15 enzymes that yield ends that can be selected to have the proper 3' TA overhang, e.g.,

Aasl, Bce&3l, BsiEl, Bcgl, Bpml, BpuEl, BseWll, Bse3Dl, BseMll, BseKl, Bsgl,

BspCNl, BsrDl, BstFSl, BseGl, Btsl, Drdl, DseVl, Ecil, Eco57Ml, EcoSll, BceS3l,

Gsul, Mmel, TspDTl, TthX 1 III, BspKTSl, Acul, BspKT6l, Eco51Ml, Taqll,

TspGWl, or isoschizomers thereof. In one embodiment, at least one restriction

20 enzyme site flanking the open reading frame of interest is for one of Sgfl (AsiST),

Pad, or Pvul (AfallMl, AfalGXl, BspCl, EagBl, ErhB9l, Mvrl, Nbll, Plel9l,

Psul6ll,Rshl,Xorll).

In another embodiment, at least one restriction enzyme site flanking the open

reading frame of interest is for Pmel (Mssl), Dral, Ahalll (Dral, PauAll, Srul),

25 Nrul (Bsp68l, MluBll, Sbottl, Spol), SnaBl (BstSNl, Ecol05l), Srfl, or Swal

(BstRZ246l, BstSWl, MspSWl, SmiT). In another embodiment, at least one

restriction enzyme site flanking the open reading frame of interest is for a restriction

enzyme that generates a blunt end which can create a stop codon after ligation with

another blunt end, for instance, one that can create a stop codon after ligation with

30 an end generated by Pmel e.g., EcaBC3l (TCAGA), Scil (CTCAGAG), Hindi

(GTCAGAC, a version of GTYRAC), Hpal (GTTAAAC), HincH (GTTAAAC, a
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version of GTYRAC), Dral (TTTAAAA), Swal (ATTTAAAAT), or an isoschizomer

thereof, or for a restriction enzyme that yields ends that can be selected to have a

blunt end such as 5'GA, 5'AG or 5'AA, e.g., BsaBl, CacSl, HpySl, Mlyl, PshAl,

SspD51
9
or an isoschizomer thereof. For example, ligation of ends generated by

5 Pmel and Dral can create a stop site, as would ligation ofNTT and GAN, NCT and

AGN, or NTT and AAN, wherein each N is A, T, G or C. In one embodiment, the

exchange site formed from blunt end ligation of an end generated by Pmel and that

of another blunt cutter can yield a coding sequence for a protein fusion. For

instance, ligation of an open reading frame terminating in an end generated by Pmel

10 and an end generated by Ball, BfrBl, BsaAl, BsaBl, BsrBl, Btrl, CacSl, Cdil, CviJl,

CV/RI, Eco47ITI, EcolSl, EcolCRI, EcoRV, FnuDll, FspAl, Hael, Haelll, HpySl,

Lpnl, Mlyl, Ms/I, Mstl, Nael, NlaW, Nrul, NspBll, Olil, PmaCl, Pmel, PshAl, Psil,

Pvull, Rsal, Seal, Smal, SnaBl, Srfl, Sspl, SspDSl, Stul, Xcal, Xmnl, Zral, or an

isoschizomer thereof, can extend the open reading frame at the 3' end.

15 In one embodiment, the first restriction enzyme is Sgfl and optionally, the

second restriction enzyme is Pmel. In another embodiment, the third restriction

enzyme generates a 3
? TA overhang, e.g., the third restriction enzyme is Pvul or

PacL

In one embodiment, the invention provides a method to directionally clone a

20 DNA sequence of interest which employs a recipient vector comprising a DNA

sequence of interest, e.g., optionally encoding a fusion protein, flanked by at least

two restriction enzyme sites, one of which is for a first restriction enzyme that has a

low frequency of recognition sites in a plurality of cDNAs or open reading frames

for a particular species and generates single-strand DNA overhangs, and the other of

25 which flanking sites is for a second restriction enzyme that has a low frequency of

recognition sites in a plurality ofcDNAs or open reading frames for a particular

species and generates blunt ends. An acceptor vector may comprise a counter-

selectable marker flanked by at least two restriction enzymes sites. One of the

flanking sites in the acceptor vector is for a third restriction enzyme which generates

30 single-strand DNA overhangs which are complementary with the single-strand

DNA overhangs produced when the recipient vector is digested with the first
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restriction enzyme. The other flanking site in the acceptor vector is for a fourth

restriction enzyme which generates blunt ends. The method includes contacting the

recipient vector with the first and second restriction enzymes and the acceptor

vector with the third and fourth restriction enzymes, ligating the resulting linear

5 molecules, transforming a host cell with the ligation mixture, and selecting for host

cells with desirable recombinant molecules, i.e., vectors with the DNA sequence of

interest and the acceptor vector backbone, e.g., vectors which lack the counter-

selectable gene, and optionally include a selectable marker present on the acceptor

vector backbone. In one embodiment, the first and third restriction enzymes are the

10 same. In one embodiment, the second and fourth restriction enzymes are the same.

In this manner, DNA sequences of interest may be moved from one expression

vector to another, for instance, to express a fusion protein encoded by a fusion of

acceptor vector sequences, the exchange site(s), and the DNA sequence of interest.

The invention also provides a method for producing a vector suitable for

1 5 expression of an amino acid sequence of interest. The method includes combining

at least two vectors in a suitable buffer with one or more restriction enzymes and

optionally DNA ligase under conditions effective to result in digestion and

optionally ligation to yield a mixture optionally comprising a third vector. A first

vector includes a first selectable marker gene and a DNA sequence of interest,

20 which DNA sequence of interest is flanked by at least two restriction enzyme sites,

wherein at least one of the flanking restriction enzyme sites is a site for a first

restriction enzyme which has infrequent restriction sites in cDNAs or open reading

frames from at least one species and generates complementary single-strand DNA

overhangs, wherein at least one of the flanking restriction enzyme sites is for a

25 second restriction enzyme which has infrequent restriction sites in cDNAs or open

reading frames from at least one species and generates ends that are not

complementary to the overhangs generated by the first restriction enzyme, wherein

digestion of the first vector generates a first linear DNA fragment which lacks the

first selectable marker gene but comprises the DNA sequence of interest. A second

30 vector includes a second selectable marker gene which is distinguishable from the

first selectable marker gene and non-essential DNA sequences, optionally including
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a counterselectable gene, which non-essential DNA sequences are flanked by at

least two restriction enzymes sites, wherein at least one of the flanking restriction

enzyme sites in the second vector is for a third restriction enzyme which generates

single-strand DNA overhangs which are complementary to the single-strand DNA

5 overhangs generated by the first restriction enzyme, wherein at least one of the

flanking restriction sites in the second vector is for a fourth restriction enzyme

which generates ends that are not complementary to the ends generated by the first

or third restriction enzyme but can be ligated to the ends generated by the second

restriction enzyme. Digestion of the second vector with the third and fourth

10 restriction enzymes generates a second linear DNA fragment which lacks the non-

essential DNA sequences but comprises the second selectable marker gene, wherein

the second linear DNA fragment is flanked by ends which permit the oriented

joining of the first linear DNA fragment to the second linear DNA fragment. In one

embodiment, the second restriction enzyme generates blunt ends and the first linear

15 DNA fragment is flanked by a first single-strand DNA overhang and a blunt end. In

another embodiment, the first and third restriction enzymes are not the same. In yet

another embodiment, the second and fourth restriction enzymes are not the same. In

yet a further embodiment, the second and fourth restriction enzymes generate blunt

ends.

20 In one embodiment, ligation and oriented joining yields a third vector

encoding a N-terminal fusion protein which is encoded by the DNA sequence of

interest and nucleic acid sequences 5' to the 3' end of the second linear DNA

fragment. In another embodiment, ligation and oriented joining yields a third vector

encoding a C-terminal fusion protein which is encoded by the DNA sequence of

25 interest and nucleic acid sequences 3' to the 5' end of the second linear DNA

fragment. In another embodiment, ligation and oriented joining yields a third vector

encoding a fusion protein which is encoded by the DNA sequence of interest and

nucleic acid sequences 5
f and 3

1

to the respective 3
1 and 5

1 end of the second linear

DNA fragment. In yet another embodiment, ligation and oriented joining yields a

30 third vector encoding a fusion protein encoded by the DNA sequence of interest and

the exchange site(s) created by the oriented joining. Optionally, the fusion protein
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is a GST fusion protein, GFP fusion protein, thioredoxin fusion protein, maltose

binding protein fusion protein, protease cleavage site fusion protein, metal binding

domain fusion protein or dehalogenase fusion protein, and/or is more soluble, easier

to purify or easier to detect relative to the corresponding non-fusion protein.

5 The methods of the invention thus employ one or more restriction enzymes

that generate unique ends and optionally ligase to clone an open reading frame of

interest. Vectors with one or more restriction enzyme sites for restriction enzymes

that provide unique ends are particularly useful in directional cloning and ordered

gene assembly. Moreover, the use of the vectors and methods of the invention is

10 easy, inexpensive, fast, automatable, and results in high fidelity and transfer of open

reading frames. Further, the vectors may be designed to express fusion proteins

with no or one to a few, e.g., less than 7, amino acid residues fused to the N-

terminus, C-terrninus, or both the N- and C-termini. For instance, fusions generated

with Sfil sites flanking the DNA sequence of interest may yield fusion proteins with

15 4 amino acid residues at the N-terminus and C-terminus, while fusions generated

with SgfllPmel or Sapl sites flanking the DNA sequence of interest may yield fusion

proteins with a single amino acid residue only at the C-terminus. If Sfil or Pmel

sites are added to a DNA sequence of interest, e.g., using an amplification reaction,

an additional 3-5 bp flanking the recognition site may be included to increase

20 cleavage efficiency. Moreover, N- and/or C-terminal fusions with fusion partner

sequences useful in purification, e.g., immobilization, solubilization, in situ

detection, protein domain studies, and protein-protein interactions, e.g., in vitro or in

vivo, may be prepared, wherein fusion partner sequences are encoded by acceptor

vector sequences and/or exchange sites.

25 Also provided is a recombinant host cell useful to reduce unintended

expression from a vector. In one embodiment, the host cell is deficient in one or

more inducible genes, for instance, the host cell does not express one or more

rhamnose catalytic genes, e.g., the host cell is rhaBAD\ and comprises an

expression vector, e.g., one which is stably introduced to the host cell. The

30 expression vector comprises an inducible promoter for the one or more genes, which

promoter has a low level of uninduced expression and preferably has a relatively
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slow induction profile but high final levels of expression, e.g., a rhaBAD promoter,

and which promoter is operably linked to an open reading frame, such as one for a

heterologous (non-native) transcription regulatory gene product, e.g., a RNA

polymerase. In one embodiment, the recombinant host cell is deficient in rhamnose

5 catabolism, and has a recombinant DNA molecule comprising a rhamnose-inducible

promoter operably linked to an open reading frame for a heterologous RNA

polymerase. In one embodiment, the host cell is a prokaryotic cell, for instance, an

E. coli cell. In one embodiment, the heterologous RNA polymerase is a phage RNA

polymerase, such as a T7 RNA polymerase. The recombinant host cell may be

1 0 contacted with an expression vector comprising a promoter for the heterologous

RNA polymerase and an open reading frame of interest, and rhamnose, e.g., either

simultaneously or sequentially.

Thus, the invention provides a method of inducing expression of a DNA

sequence of interest in a host cell. The method includes contacting a recombinant

15 host cell which is deficient in rhamnose catabolism, and has a recombinant DNA

molecule comprising a rhamnose-inducible promoter operably linked to an open

reading frame for a heterologous RNA polymerase, with rhamnose and an

expression vector comprising a promoter for the heterologous RNA polymerase

operably linked to a DNA sequence of interest. In one embodiment, the DNA

20 sequence of interest is flanked by two restriction enzyme sites, wherein one of the

flanking restriction enzyme sites is for a first restriction enzyme which has

infrequent restriction sites in cDNAs or open reading frames from at least one

species and generates single-strand DNA overhangs, and wherein another flanking

restriction enzyme site is for a second restriction enzyme which has infrequent

25 restriction sites in cDNAs or open reading frames from at least one species and

generates ends that are not complementary to the overhangs generated by the first

restriction enzyme. In one embodiment, the expression vector comprises a

transcription terminator sequence, e.g., m*B, and a promoter 5
1

to the open reading

frame of interest, which promoter is upregulated by the heterologous transcription

30 regulatory gene product, as well as restriction sites for one or more infrequent

cutters flanking the open reading frame, and optionally, in the vector backbone, a
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selectable marker gene, a sequence which specifies a high vector copy number, and

a sequence which reduces vector multimerization, e.g., cer. An expression vector

comprising a promoter such as one for a heterologous transcription regulatory gene

product, such as a RNA polymerase, which promoter is operably linked to an open

5 reading frame of interest, may also be employed in an in vitro

transcription/translation system.

Further provided is an isolated nucleic acid fragment encoding barnase

which lacks a secretory domain (signal), a vector comprising the nucleic acid

fragment, such as one which comprises a promoter, for instance, a APl promoter

10 linked to the nucleic acid fragment, isolated protein encoded by the nucleic acid

fragment, and a host cell comprising the vector. Optionally, the host cell expresses

barstar. In one embodiment, the host cell expresses barstar from a promoter which

is constitutively expressed in prokaryotic cells. Optionally, the host cell is an E. coli

cell. In one embodiment, an open reading frame for barstar is expressed from a 4c

15 promoter. In one embodiment, the vector system of the invention includes a second

vector comprising a counterselectable gene comprising a nucleic acid fragment

encoding a barnase which lacks a secretory domain. For instance, the invention

provides a method comprising introducing a vector comprising a nucleic acid

fragment encoding a barnase which lacks a secretory domain into a recombinant

20 host cell which expresses barstar from a promoter which is constitutively expressed

in prokaryotic cells.

Also provided is a method comprising introducing the vector system of the

invention into a host cell, wherein the second vector comprises a counterselectable

gene comprising a nucleic acid fragment encoding a barnase which lacks a secretory

25 domain.

Also provided is a vector comprising an open reading frame 3' to a DNA

fragment of no more than 30 base pairs. The DNA fragment comprises a ribosome

binding site, a Sgfl recognition site, and a sequence which, when present in mRNA,

enhances the binding of the mRNA to the small subunit of a eukaryotic ribosome.

30 In one embodiment, the DNA fragment includes AAGGAGCGATCGCCATGX

(SEQ ID NO:i), and wherein X is A, T, G or C.
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Further provided is a vector comprising a Sgfl recognition site, a sequence

which comprises ATG and which sequence, when present in mRNA, enhances the

binding of the mRNA to the small subunit of a eukaryotic ribosome, and an open

reading frame which begins at the ATG in the sequence.

5 The invention also includes a vector comprising a recognition site for a first

restriction enzyme that generates a 3
1 TA overhang which is 5* to a recognition site

for a second restriction enzyme that generates blunt ends, which vector, once

digested with the first and second restriction enzymes and ligated to a DNA

fragment comprising an open reading frame flanked by an end generated by Sgfl

10 and an end generated by a third restriction enzyme which has infrequent restriction

sites in cDNAs or open reading frames from at least one species and generates blunt

ends, yields a recombinant vector comprising the open reading frame. In one

embodiment, the second and third restriction enzymes are the same. In another

embodiment, the recognition site for the first restriction enzyme is a recognition site

15 for Sgfl.

Also provided is a vector comprising a first open reading frame which

includes a recognition site for a first restriction enzyme that generates a 3' TA

overhang and a recognition site for a second restriction enzyme that is not in the

open reading frame generates blunt ends, which vector, once digested with the first

20 and second restriction enzymes and ligated to a DNA fragment comprising a second

open reading flanked by an end generated by Sgfl and a third restriction enzyme

which has infrequent restriction sites in cDNAs or open reading frames from at least

one species and generates blunt ends, yields a recombinant vector comprising a third

open reading frame comprising the first and second open reading frames, which

25 third open reading frame encodes a fusion peptide or protein.

Further provided is a vector comprising a ribosome binding site which

optionally overlaps by one nucleotide with a Sgfl recognition site and a recognition

site for a first restriction enzyme that generates blunt ends, which vector, once

digested with Sgfl and the first restriction enzyme and ligated to a DNA fragment

30 comprising an open reading frame encoding a peptide or polypeptide flanked by

5' CGCCATGX,Y,
3' TAGCGGTACX2Y2
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and a blunt end generated by a second restriction enzyme that has infrequent

restriction sites in cDNAs or open reading frames from at least one species and

generates blunt ends, yields a recombinant vector which encodes the peptide or

5 polypeptide, wherein Xi is the first codon which is 3' to the start codon for the open

reading frame, wherein X2 is the complement of Xi, wherein Yi is the remainder of

the open reading frame, and wherein Y2 is the complement of Yi. In one

embodiment, Xi = GR1R2, wherein R\ or R2 = A, T, C or G.

Further provided is a vector comprising a first open reading frame which

10 includes a Pmel recognition site and is flanked at the 5
' end by a recognition site for

a first restriction enzyme that generates complementary single-strand DNA

overhangs, which vector, once digested with Pmel and the first restriction enzyme,

and ligated to a DNA fragment comprising a blunt end at the 5
' end of a second

open reading frame and an end generated by a second restriction enzyme which

15 generates single-strand DNA overhangs which are complementary to the single-

strand DNA overhangs generated by the first restriction enzyme, yields a

recombinant vector comprising a third open reading frame comprising the first and

second open reading frames. In one embodiment, the third open reading frame

includes N1N2N3GTTTN4N5R, wherein NiN2N3 and TN4N5 are codons that do not

20 code for a stop codon, and wherein R is one or more codons. In another

embodiment, the blunt end of the DNA fragment is generated by a restriction

enzyme other than Pmel. In yet another embodiment, the blunt end of the DNA

fragment is generated by Pmel digestion.

The invention further includes a vector comprising a first open reading

25 frame which includes a Pmel recognition site and is flanked at the 5
' end by site for

a first restriction enzyme that generates complementary single-strand DNA

overhangs. The vector, once digested with Pmel and the first restriction enzyme,

and ligated to a DNA fragment comprising a blunt end and an end generated by a

second restriction enzyme which generates single-strand DNA overhangs which are

30 complementary to the single-strand DNA overhangs generated by the first

restriction enzyme, yields a recombinant vector which includes N1N2N3GTTTN4N5,

wherein NiN2N3GTTT is a sequence from the 3
f

end of the digested expression
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vector. In one embodiment, the triplet N1N2N3 does not code for a stop codon, and

N4 and N5 = A, or N4 = A and N5 = G or N4 = G and N5 = A. In another

embodiment, the triplet N1N2N3 codes for a stop codon. In one embodiment, the

blunt end of the DNA fragment is generated by Pmel digestion. In another

5 embodiment, the blunt end of the DNA fragment is generated by a restriction

enzyme other than Pmel.

The invention provides a recombinant vector prepared by digesting a vector

comprising a recognition site for a first restriction enzyme that generates a 3' TA

overhang which is 5
?

to a recognition site for a second restriction enzyme which

10 generates blunt ends, with the first and second restriction enzymes and ligating the

digested vector to a DNA fragment comprising an open reading frame flanked by an

end generated by SgfL and an end generated by a third restriction enzyme which has

infrequent restriction sites in cDNAs or open reading frames from at least one

species and generates blunt ends.

1 5 Also provided is a support comprising a plurality of recombinant vectors,

one or more ofwhich comprise a different open reading frame. At least one of the

recombinant vectors comprises a promoter and a first open reading frame which is

flanked by two exchange sites. The exchange sites are formed by ligation of a

vector comprising the promoter which is 5' to a recognition site for a first restriction

20 enzyme that generates a 3* TA overhang which is 5
f

to a recognition site for a first

restriction enzyme which generates blunt ends, which vector is digested with the

first and second restriction enzymes, and a DNA sequence comprising the first open

reading frame flanked by an end generated by Sgfl and an end generated by a third

restriction enzyme which has infrequent restriction sites in cDNAs or open reading

25 frames from at least one species and generates blunt ends. A library of recombinant

cells comprising the at least one recombinant vector or a library of vectors

comprising the at least one recombinant vector is also provided.

In another embodiment, the support comprises a plurality of recombinant

vectors, two or more ofwhich comprise an open reading frame for a different

30 polypeptide At least one recombinant vector comprises a promoter and a first open

reading frame comprising a second open reading frame and one or more codons
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which are in-frame with the second open reading frame, wherein the second open

reading frame is flanked by two exchange sites. The exchange sites are formed by

ligation of a DNA sequence comprising the second open reading frame which

includes a Pmel recognition site and is flanked at the 5
' end by a recognition site for

5 a first restriction enzyme that generates complementary single-strand DNA

overhangs, which DNA sequence is digested with Pmel and the first restriction

enzyme, and a vector comprising a blunt end at the 5
' end which is 5

' to the one or

more in-frame codons and the promoter which is 5' to an end generated by a second

restriction enzyme which generates single-strand DNA overhangs which are

10 complementary to the single-strand DNA overhangs generated by the first

restriction enzyme. A library of recombinant cells comprising the at least one

recombinant vector or a library of vectors comprising the at least one recombinant

vector is also provided.

Also provided is a support comprising a plurality of recombinant vectors,

1 5 two or more ofwhich comprise an open reading frame for a different polypeptide,

wherein at least one recombinant vector comprises a promoter and an open reading

frame which is flanked by two exchange sites. The exchange sites are formed by

ligation of a DNA sequence comprising the open reading frame which is flanked by

at least two restriction enzyme sites for a first restriction enzyme which is a

20 hapaxoterministic restriction enzyme, which DNA sequence is digested with the

first restriction enzyme to generate a first DNA fragment flanked by a first pair of

non-self complementary single-strand DNA overhangs, and a vector comprising the

promoter and non-essential DNA sequences that are flanked by two restriction

enzyme sites for a second restriction enzyme which is a hapaxoterministic

25 restriction enzyme, which vector is digested with the second restriction enzyme to

generate a second DNA fragment which lacks non-essential DNA sequences and is

flanked by a second pair of non-self complementary single-strand DNA overhangs.

Each of the second pair of the non-self-complementary DNA overhangs is

complementary to only one of the single-strand DNA overhangs of the first pair of

30 non-self complementary single-strand DNA overhangs. A library of recombinant
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cells comprising the at least one recombinant vector or a library of vectors

comprising the at least one recombinant vector is also provided.

The invention further provides a method to prepare a support comprising a

plurality of recombinant vectors or recombinant cells. The method includes

5 selecting a plurality of recombinant vectors or recombinant cells comprising

recombinant vectors, wherein two or more of the recombinant vectors comprise an

open reading frame for a different polypeptide, wherein at least one recombinant

vector comprises a promoter and a first open reading frame which is flanked by two

exchange sites. The exchange sites are formed by ligation of a vector comprising

10 the promoter which is 5
1

to a recognition site for a first restriction enzyme that

generates a 3* TA overhang, which is 5
1

to a recognition site for a second restriction

enzyme which generates blunt ends, which vector is digested with the first and

second restriction enzymes, and a DNA sequence comprising the first open reading

frame flanked by an end generated by Sgfl and an end generated by a third

1 5 restriction enzyme which has infrequent restriction sites in cDNAs or open reading

frames from at least one species and generates blunt ends. The selected

recombinant vectors or recombinant cells are then introduced to one or more

receptacles of the support.

Further provided is a method to prepare a support comprising a plurality of

20 recombinant vectors or recombinant cells. In this embodiment, a plurality of

recombinant vectors or recombinant cells comprising recombinant vectors is

selected, wherein two or more of the recombinant vectors comprise an open reading

frame for a different polypeptide, wherein at least one recombinant vector comprises

a promoter and a first open reading frame comprising a second open reading frame

25 and one or more codons which are in-frame with the second open reading frame,

wherein the second open reading frame is flanked by two exchange sites. The

exchange sites are formed by ligation of a DNA sequence comprising the second

open reading frame which includes a Pmel recognition site and is flanked at the 5

'

end by a recognition site for a first restriction enzyme that generates complementary

30 single-strand DNA overhangs, which DNA sequence is digested with Pmel and the

first restriction enzyme, and a vector comprising a blunt end at the 5
' end which is
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5' to the one or more codons and the promoter which is 5" to an end generated by a

second restriction enzyme which generates single-strand DNA overhangs which are

complementary to the single-strand DNA overhangs generated by the first

restriction enzyme. The selected recombinant vectors or recombinant cells are

5 introduced to one or more receptacles of the support.

In one embodiment, the invention provides a method to prepare a support

comprising a plurality of recombinant vectors or recombinant cells, which includes

selecting a plurality of recombinant vectors or recombinant cells comprising

recombinant vectors, wherein two or more of the recombinant vectors comprise an

10 open reading frame for a different polypeptide. At least one recombinant vector

comprises a promoter and an open reading frame which is flanked by two exchange

sites, wherein the exchange sites are formed by ligation of a DNA sequence

comprising the open reading frame which is flanked by at least two restriction

enzyme sites for a first restriction enzyme which is a hapaxoterministic restriction

1 5 enzyme, which DNA sequence is digested with the first restriction enzyme to

generate a first DNA fragment flanked by a first pair of non-self complementary

single-strand DNA overhangs, and a vector comprising the promoter and non-

essential DNA sequences that are flanked by two restriction enzyme sites for a

second restriction enzyme which is a hapaxoterministic restriction enzyme, which

20 vector is digested with the second restriction enzyme to generate a second DNA

fragment which lacks non-essential DNA sequences and is flanked by a second pair

of non-self complementary single-strand DNA overhangs. Each of the second pair

of the non-self-complementary DNA overhangs is complementary to only one of the

single-strand DNA overhangs of the first pair of non-self complementary single-

25 strand DNA overhangs. The selected recombinant vectors or recombinant cells are

introduced to one or more receptacles of the support.

Also provided is a method to prepare a plurality of mutagenized recombinant

vectors. The method includes providing DNAs comprising a plurality of

mutagenized open reading frames flanked by a recognition site for a first restriction

30 enzyme that generates a 3' TA overhang and site for a second restriction enzyme

which has infrequent restriction sites in cDNAs or open reading frames from at least
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one species and generates blunt ends. The DNAs are digested with the first and

second restriction enzymes and ligated to a vector comprising a promoter which is 5'

to a Sgfl recognition site which is 5' to a recognition site for a third restriction

enzyme which generates blunt ends, which vector is digested with Sgfl and the third

5 restriction enzyme, yielding a plurality of mutagenized recombinant vectors.

In one embodiment, DNAs comprising a plurality of mutagenized open

reading frames are flanked by a Sgfl recognition site and a site for a first restriction

enzyme which has infrequent restriction sites in cDNAs or open reading frames

from at least one species and generates blunt ends, and the DNAs are digested with

10 Sgfl and the first restriction enzyme and ligated to a vector comprising a promoter

which is 5' to a recognition site for a second restriction enzyme that generates 3
1 TA

overhang which is 5' to a recognition site for a third restriction enzyme which

generates blunt ends, which vector is digested with the second and third restriction

enzymes, yielding a plurality of mutagenized recombinant vectors.

1 5 The invention also includes a method to prepare a plurality of mutagenized

recombinant vectors, which includes providing DNAs comprising a plurality of

mutagenized open reading frames flanked by two restriction enzyme sites for a first

restriction enzyme which is a hapaxoterministic restriction enzyme and generates a

first pair of non-self complementary single-strand DNA overhangs. The DNAs are

20 digested with the first restriction enzyme and ligated to a vector comprising a

promoter and non-essential DNA sequences flanked by two restriction enzyme sites

for a second restriction enzyme which is a hapaxoterministic restriction enzyme,

which vector is digested with the second restriction enzyme generating a DNA

fragment which lacks non-essential DNA sequences but comprises a second pair of

25 non-self complementary single-strand DNA overhangs, wherein each of the second

pair of the non-self-complementary DNA overhangs is complementary to only one

of the single-strand DNA overhangs of the first pair of non-self complementary

single-strand DNA overhangs, yielding a plurality of mutagenized recombinant

vectors.

30 The vectors of the invention and methods of the invention which employ the

vectors, are particularly useful in directional cloning of open reading frames.
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However, the vectors and methods of the invention are useful in other applications,

for example, they may be employed to prepare probes, e.g., radioactive or

nonradioactive probes, for instance, using vectors with promoters specific for a

polymerase, such as bacteriophage polymerases, to prepare single-strand sense or

5 anti-sense probes or therapeutic antisense RNA; or to insert a gene in an antisense

orientation such that it is not expressed or expressed only after structural

rearrangement (conditional gene inactivation), e.g., via recombination with Crdlox

(U.S. Patent No. 5,658,772), FLP/FRT, the Gin recombinase ofMu, the Pin

recombinase of E. coli, and the R/RS system of the pSRl plasmid.

10 Also provided is a method for performing genetic analysis. The method

comprises populating a database of genetic data with genetic data to create a

plurality of genetic records. The database containing genetic data is queried to

identify a first subset of genetic records, wherein each record has at least one

recognition site for restriction enzymes included in a set of predetermined restriction

15 enzymes, and a set of statistics associated with the restriction enzyme recognition

sites for at least a second subset of genetic records in the first subset is determined.

In one embodiment, determining the set of statistics includes determining a

number of genetic records including recognition sites for one predetermined

restriction enzyme or for each of the predetermined restriction enzymes in the set.

20 In another embodiment, determining the set of statistics includes determining a

number of occurrences of at least one site for the one predetermined restriction

enzyme or for the predetermined restriction enzymes in a genetic record in the

second subset. In yet another embodiment, the genetic records comprise nucleic

acid sequences. In one embodiment, the method further includes filtering the subset

25 of genetic records to include or exclude genetic records having one or more selected

characteristics. In yet another embodiment, the method further includes filtering the

subset of genetic records to exclude genetic records having a size greater than a

predetermined value. In one embodiment, the predetermined value is 21000

characters. The method may also include determining the sequence of specific

30 bases which are present as ambiguous bases within a recognition site or which are

present between a recognition site for a restriction enzyme and the position at which
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the restriction enzyme cleaves DNA containing the recognition site. In one

embodiment, at least one of the restriction enzymes has a 6 bp, 7 bp or 8 bp

recognition site. In one embodiment, at least one of the restriction enzymes is a

hapaxoterministic restriction enzyme.

5 Further provided is a computer-readable medium having computer

executable instructions for performing a method for performing genetic analysis.

The medium includes populating a database of genetic data with a plurality of

genetic records, querying the database of genetic data to identify a first subset of

genetic records, wherein each record has at least one recognition site for one

10 predetermined restriction enzyme or for restriction enzymes included in a set of

predetermined restriction enzymes, and determining a set of statistics associated

with the restriction enzyme recognition sites for at least a second subset of genetic

records in the first subset. Also provided is a computerized system for genetic

analysis. The system includes a database of genetic data, a processor, a set of one or

1 5 more programs executed by the processor causing the processor to query the

database of genetic data to identify a first subset of genetic records, wherein each

record has at least one recognition site for one predetermined restriction enzyme or

for restriction enzymes included in a set of predetermined restriction enzymes, and

determine a set of statistics associated with the restriction enzyme recognition sites

20 for at least a second subset of genetic records in the first subset. In one

embodiment, the set of statistics includes, e.g., includes determining, a number of

genetic records including recognition sites for one predetermined restriction enzyme

or for each of the predetermined restriction enzymes in the set. In one embodiment,

the set of statistics includes, e.g., includes determining, a number of occurrences of

25 at least one site for the one predetermined restriction enzyme or for the

predetermined restriction enzymes in a genetic record in the second subset. In one

embodiment, the genetic records comprise nucleic acid sequences. In one

embodiment, the method further comprises filtering, or a processor is further

operable to filter, the subset of genetic records to include or exclude genetic records

30 having one or more selected characteristics. In another embodiment, the method

further comprises filtering, or a processor is further operable to filter, the subset of
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genetic records to exclude genetic records having a size greater than a

predetermined value. In one embodiment, the predetermined value is 21000

characters. In another embodiment, the method further comprises determining, or a

processor is further operable to determine, a sequence of specific bases which are

5 present as ambiguous bases within a recognition site or which are present between a

recognition site for a restriction enzyme and the position at which the restriction

enzyme cleaves DNA containing the recognition site.

Brief Description of the Figures

10 Figure 1 . Exemplary hapaxomers.

Figures 2A-B. Examples of hapaxomers with 3' or 5' overhangs. A) The

symmetry of the site recognized by AlwNl, a restriction enzyme that cleaves an

interrupted palindrome within the recognition site. If the bases denoted "N" are

ignored, the site is symmetrically equivalent to a PvwII site. Arrows indicate the

15 cleavage sites on both strands. Note that a recognition and cleavage site on only one

strand must be stipulated owing to the existence of a two-fold axis of symmetry.

However, because cleavage by AlwNl results in DNA with overhangs consisting of

three bases with four possibilities for each unspecified base, the sequence at the

termini will be different depending on the strand. B) The Fokl recognition and

20 cleavage sites illustrated in both orientations. Because the site lacks symmetry, there

are two ways to write the bases from 5' to 3\ The cleavage sites on both strands,

indicated by arrows, must be specified in order to indicate where cutting will occur.

Because the cleavage sites are outside the recognition site, the single-stranded

overhangs can be any set of four bases. Note that AlwNl generates 3' overhangs,

25 whereas Fokl generates 5
f

overhangs.

Figure 3. A flowchart to identify restriction enzymes that have infrequent

recognition sites in the genome of a particular organism.

Figure 4. Comparison of the percent of sequences in various organisms

which lack (0), have no or one (0-1), or no, one or two (0-2) recognition sites for

30 SapU Sfil or Sgfl/Pmel.

Figure 5. Site frequencies of selected restriction enzymes in six species.
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Figure 6. General overview of the use of interrupted palindromes for

directional cloning.

Figure 7. Directional cloning using Sfil.

Figure 8. PCR interrupted palindromes cloning pathways.

Figures 9A-B. PCR interrupted palindromes cloning pathways.

Figures 10A-B. PCR interrupted palindromes cloning pathways.

Figure 1 1 . Restriction endonucleases useful for directional cloning with Sfil

or other restriction enzymes generating 3 base 3' overhangs.

Figure 12. General overview of the use ofType IIS enzymes for directional

cloning.

Figure 13. Directional cloning using Sapl.

Figures 14A-B. Two enzyme approach for directional cloning with an

enzyme that generates staggered ends and an enzyme that generates blunt ends, e.g.,

Sgfl and Pmel.

Figure 15. Two enzyme cloning pathway with PCR entry.

Figure 16. Use of Sgfl to generate N-terminal fusions or no fusion at the N-

terminus.

Figure 17. Use ofPmel to generate C-terminal fusions including fusions

with a single amino acid.

Figure 18. Use of a combination of Sgfl, Pmel, Pad and Swal to prepare a

vector encoding two proteins of interest.

Figures 19A-B. N-terminal Pacl-Sgfl fusion site and C-terminal Pmel-Swal

fusion site.

Figure 20A. Exemplary luciferase donor and acceptor vectors of the

invention.

Figure 20B. Analysis ligation of the donor and acceptor vector sequences

having Sfil sites flanking distinguishable luciferase genes.

Figure 2 1A-E. Exemplary vectors of the invention. KanR = kanamycin

resistance gene; AmpR= ampicillin resistance gene; ColEl ori = origin of

replication sequence; cer = XerCD site-specific recombinase target site; rrnB term =

bidirectional terminator; T7 P = T7 RNA polymerase promoter; RBS/Kozak =
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ribosome binding site and Kozak sequences; and T7 term = T7 RNA polymerase

termination sequence.

Figure 22A. Luciferase expression after induction of expression in 3

different hosts at 37°C.

5 Figure 22B. Luciferase expression in 3 different hosts at 25°C, t = 0.

Figure 22C. Luciferase expression in 3 different hosts at 25°C, t = 5 hours

and 21 hours.

Detailed Description of the Invention

10 Definitions

The term "unique restriction enzyme site" indicates that the recognition

sequence for a given restriction enzyme appears once within a nucleic acid

molecule.

The terms "polylinker" or "multiple cloning site" refer to a cluster of

15 restriction enzyme sites on a nucleic acid construct which are utilized for the

insertion and/or excision of nucleic acid sequences such as the coding region of a

gene, lox sites, etc.

The term "prokaryotic termination sequence" refers to a nucleic acid

sequence which is recognized by the RNA polymerase of a prokaryotic host cell and

20 results in the termination of transcription. Prokaryotic termination sequences

commonly comprise a GC-rich region that has a twofold symmetry followed by an

AT-rich sequence. Commonly used prokaryotic termination sequences are the T7

and rrnB termination sequences. A variety of termination sequences are known to

the art and may be employed in the nucleic acid constructs of the present invention

25 including, the Thmtj Tu , Tu, TL3 ,
TR1 , Tr2, T6S termination signals derived from the

bacteriophage lambda and termination signals derived from bacterial genes such as

the trp gene of E. coli.

The term "eukaryotic polyadenylation sequence" (also referred to as a "poly

A site" or "poly A sequence") as used herein denotes a DNA sequence which directs

30 both the termination and polyadenylation of the nascent RNA transcript. Efficient

polyadenylation of the recombinant transcript is desirable as transcripts lacking a
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poly A tail are unstable and are rapidly degraded. The poly A signal utilized in an

expression vector may be "heterologous" or "endogenous." An endogenous poly A

signal is one that is found naturally at the 3
? end of the coding region of a given gene

in the genome. A heterologous poly A signal is one which is one which is isolated

5 from one gene and placed 3' of another gene. A commonly used heterologous poly

A signal is the SV40 poly A signal. The SV40 poly A signal is contained on a 237

bp BamHVBcR restriction fragment and directs both termination and

polyadenylation (Sambrook et al., Molecular Cloning: A Laboratory Manual Cold

Spring Harbor (1989)); numerous vectors contain the SV40 poly A signal. Another

10 commonly used heterologous poly A signal is derived from the bovine growth

hormone (BGH) gene; the BGH poly A signal is available on a number of

commercially available vectors. The poly A signal from the herpes simplex virus

thymidine kinase (HSV tk) gene is also used as a poly A signal on expression

vectors.

15 As used herein, the terms "selectable marker" or "selectable marker gene"

refers to the use of a gene which encodes an enzymatic activity that confers the

ability to grow in medium lacking what would otherwise be an essential nutrient

(e.g., the TRP1 gene in yeast cells); in addition, a selectable marker may confer

resistance to an antibiotic or drug upon the cell in which the selectable marker is

20 expressed. A selectable marker may be used to confer a particular phenotype upon a

host cell. When a host cell must express a selectable marker to grow in selective

medium, the marker is said to be a positive selectable marker (e.g., antibiotic

resistance genes which confer the ability to grow in the presence of the appropriate

antibiotic). Selectable markers can also be used to select against host cells

25 containing a particular gene (e.g., the sacB gene which, if expressed, kills the

bacterial host cells grown in medium containing 5% sucrose); selectable markers

used in this manner are referred to as negative selectable markers or counter-

selectable markers.

As used herein, the term "vector" is used in reference to nucleic acid

30 molecules that transfer DNA segment(s) from one cell to another. The term

"vehicle" is sometimes used interchangeably with "vector." A "vector" is a type of
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"nucleic acid construct." The term "nucleic acid construct" includes circular nucleic

acid constructs such as plasmid constructs, plasmid constructs, cosmid vectors, etc.

as well as linear nucleic acid constructs (e.g., lambda, phage constructs, PCR

products). The nucleic acid construct may comprise expression signals such as a

promoter and/or an enhancer (in such a case it is referred to as an expression

vector).

The term "expression vector" as used herein refers to a recombinant DNA

molecule containing a desired coding sequence and appropriate nucleic acid

sequences necessary for the expression of the operably linked coding sequence in a

particular host organism. Nucleic acid sequences necessary for expression in

procaryotes usually include a promoter, an operator (optional), and a ribosome

binding site, often along with other sequences. Eukaryotic cells are known to utilize

promoters, enhancers, and termination and polyadenylation signals.

The terms "in operable combination", "in operable order" and "operably

linked" as used herein refer to the linkage of nucleic acid sequences in such a

manner that a nucleic acid molecule capable of directing the transcription of a given

gene and/or the synthesis of a desired protein molecule is produced. The term also

refers to the linkage of amino acid sequences in such a manner so that a functional

protein is produced.

The terms "transformation" and "transfection" as used herein refer to the

introduction of foreign DNA into prokaryotic or eucaryotic cells. Transformation of

prokaryotic cells may be accomplished by a variety ofmeans known to the art

including the treatment of host cells with CaCl2 to make competent cells,

electroporation, etc. Transfection of eukaryotic cells may be accomplished by a

variety of means known to the art including calcium phosphate-DNA co-

precipitation, DEAE-dextran-mediated transfection, polybrene-mediated

transfection, electroporation, microinjection, liposome fusion, lipofection, protoplast

fusion, retroviral infection, and biolistics.

As used herein, the terms "restriction endonucleases" and "restriction

enzymes" refer to bacterial enzymes, each ofwhich cut double-stranded DNA at or

near a specific nucleotide sequence.
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As used herein, the term "recombinant DNA molecule" as used herein refers

to a DNA molecule which is comprised of segments ofDNA joined together by

means of molecular biological techniques.

As used herein, "recognition site" refers to a sequence of specific bases that

5 is recognized by a restriction enzyme if the sequence is present in double-stranded

DNA; or, if the sequence is present in single-stranded RNA, the sequence of

specific bases that would be recognized by a restriction enzyme if the RNA was

reverse transcribed into cDNA and the cDNA employed as a template with a DNA

polymerase to generate a double-stranded DNA; or, if the sequence is present in

10 single-stranded DNA, the sequence of specific bases that would be recognized by a

restriction enzyme if the single-stranded DNA was employed as a template with a

DNA polymerase to generate a double-stranded DNA; or, if the sequence is present

in double-stranded RNA, the sequence of specific bases that would be recognized

by a restriction enzyme if either strand ofRNA was reverse transcribed into cDNA

1 5 and the cDNA employed as a template with a DNA polymerase to generate a

double-stranded DNA.

An "open reading frame" includes at least 3 consecutive codons which are

not stop codons.

DNA molecules are said to have "5' ends" and "3' ends" because

20 mononucleotides are reacted to make oligonucleotides in a manner such that the 5*

phosphate of one mononucleotide pentose ring is attached to the 3' oxygen of its

neighbor in one direction via a phosphodiester linkage. Therefore, an end of an

oligonucleotides referred to as the "5' end" if its 5' phosphate is not linked to the 3'

oxygen of a mononucleotide pentose ring and as the "3' end" if its 3' oxygen is not

25 linked to a 5' phosphate of a subsequent mononucleotide pentose ring. As used

herein, a nucleic acid sequence, even if internal to a larger oligonucleotide, also may

be said to have 5' and 3
f

ends. In either a linear or circular DNA molecule, discrete

elements are referred to as being "upstream" or 5
f

of the "downstream" or 3*

elements. This terminology reflects the fact that transcription proceeds in a 5* to 3'

30 fashion along the DNA strand. The promoter and enhancer elements which direct

transcription of a linked gene are generally located 5' or upstream of the coding
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region. However, enhancer elements can exert their effect even when located 3
f of

the promoter element and the coding region. Transcription termination and

polyadenylation signals are located 3' or downstream of the coding region.

As used herein, the term "an oligonucleotide having a nucleotide sequence

5 encoding a gene" means a nucleic acid sequence comprising the coding region of a

gene or in other words the nucleic acid sequence which encodes a gene product. The

coding region may be present in either a cDNA, genomic DNA or RNA form. When

present in a DNA form, the oligonucleotide may be single-stranded (i.e., the sense

strand) or double-stranded. Suitable control elements such as enhancers/promoters,

10 splice junctions, polyadenylation signals, etc. may be placed in close proximity to

the coding region of the gene if needed to permit proper initiation of transcription

and/or correct processing of the primary RNA transcript. Alternatively, the coding

region utilized in the vectors of the present invention may contain endogenous

enhancers/promoters, splice junctions, intervening sequences, polyadenylation

15 signals, etc. or a combination ofboth endogenous and exogenous control elements.

As used herein, the term "regulatory element" refers to a genetic element

which controls some aspect of the expression of nucleic acid sequences. For

example, a promoter is a regulatory element which facilitates the initiation of

transcription of an operably linked coding region. Other regulatory elements include

20 splicing signals, polyadenylation signals, termination signals and the like.

Transcriptional control signals in eukaryotes comprise "promoter" and

"enhancer" elements. Promoters and enhancers consist of short arrays ofDNA

sequences that interact specifically with cellular proteins involved in transcription

(Maniatis et al., Science , 236:1237 (1987)). Promoter and enhancer elements have

25 been isolated from a variety of eukaryotic sources including genes in yeast, insect

and mammalian cells and viruses (analogous control elements, i.e., promoters, are

also found in prokaryotes). The selection of a particular promoter and enhancer

depends on what cell type is to be used to express the protein of interest. Some

eukaryotic promoters and enhancers have a broad host range while others are

30 functional in a limited subset of cell types (for review see Voss et aL, Trends

Biochem. Sci. , H:287 (1986) and Maniatis et aL, supra (1987)). For example, the
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SV40 early gene enhancer is very active in a wide variety of cell types from many

mammalian species and has been widely used for the expression of proteins in

mammalian cells (Dijkema et al., EMBO I , 4:761 (1985)). Two other examples of

promoter/enhancer elements active in a broad range ofmammalian cell types are

those from the human elongation factor 10 gene (Uetsuki et al., J, Biol. Chem. ,

264:5791 (1989), Kim et al., Gene , 91:217 (1990) and Mizushima et al, Nuc. Acids.

Res. , 18:5322 (1990)) and the long terminal repeats of the Rous sarcoma virus

(Gorman et al., Proc. Natl. Acad. Sci. USA, 79:6777 (1982)) and the human

cytomegalovirus (Boshart et al., Cell, 41:521 (1985)).

As used herein, the term "promoter/enhancer" denotes a segment ofDNA

which contains sequences capable of providing both promoter and enhancer

functions (i.e., the functions provided by a promoter element and an enhancer

element, see above for a discussion of these functions). For example, the long

terminal repeats of retroviruses contain both promoter and enhancer functions. The

enhancer/promoter may be "endogenous" or "exogenous" or "heterologous." An

"endogenous" enhancer/promoter is one which is naturally linked with a given gene

in the genome. An "exogenous" or "heterologous" enhancer/promoter is one which

is placed in juxtaposition to a gene by means of genetic manipulation (i.e.,

molecular biological techniques) such that transcription of that gene is directed by

the linked enhancer/promoter.

The presence of "splicing signals" on an expression vector often results in

higher levels of expression of the recombinant transcript. Splicing signals mediate

the removal of introns from the primary RNA transcript and consist of a splice

donor and acceptor site (Sambrook et al., Molecular Cloning: A Laboratory Manual,

2nd ed., Cold Spring Harbor Laboratory Press, New York (1989) pp. 16.7-16.8). A

commonly used splice donor and acceptor site is the splice junction from the 16S

RNA ofSV40.

Efficient expression of recombinant DNA sequences in eucaryotic cells

requires expression of signals directing the efficient termination and

polyadenylation of the resulting transcript. Transcription termination signals are

generally found downstream of the polyadenylation signal and are a few hundred
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nucleotides in length. The term "poly A site" or "poly A sequence" as used herein

denotes a DNA sequence which directs both the termination and polyadenylation of

the nascent RNA transcript. Efficient polyadenylation of the recombinant transcript

is desirable as transcripts lacking a poly A tail are unstable and are rapidly

5 degraded. The poly A signal utilized in an expression vector may be "heterologous"

or "endogenous." An endogenous poly A signal is one that is found naturally at the

3* end of the coding region of a given gene in the genome. A heterologous poly A

signal is one which is one which is isolated from one gene and placed 3
1

of another

gene.

10 Eukaryotic expression vectors may also contain "viral replicons" or "viral

origins of replication." Viral replicons are viral DNA sequences which allow for the

extrachromosomal replication of a vector in a host cell expressing the appropriate

replication factors. Vectors which contain either the SV40 or polyoma virus origin

of replication replicate to high copy number (up to 10
4
copies/cell) in cells that

1 5 express the appropriate viral T antigen. Vectors which contain the replicons from

bovine papillomavirus or Epstein-Barr virus replicate extrachromosomally at low

copy number (about 100 copies/cell).

As used herein, the terms "nucleic acid molecule encoding," "DNA sequence

encoding," and "DNA encoding" refer to the order or sequence of

20 deoxyribonucleotides along a strand of deoxyribonucleic acid. The order of these

deoxyribonucleotides determines the order of amino acids along the polypeptide

(protein) chain. The DNA sequence thus codes for the amino acid sequence.

As used herein, the term "gene" means the deoxyribonucleotide sequences

comprising the coding region of a gene, e.g., a structural gene, and the including

25 sequences located adjacent to the coding region on both the 5' and 3* ends for a

distance of about 1 kb on either end such that the gene corresponds to the length of

the full-length mRNA. The sequences which are located 5' of the coding region and

which are present on the mRNA are referred to as 5' non-translated sequences. The

sequences which are located 3' or downstream of the coding region and which are

30 present on the mRNA are referred to as 3' non-translated sequences; these

sequences. The term "gene" encompasses both cDNA and genomic forms of a gene.
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A genomic form or clone of a gene contains the coding region interrupted with non-

coding sequences termed "introns" or "intervening regions" or "intervening

sequences." Introns are segments of a gene which are transcribed into nuclear RNA

(hnRNA); introns may contain regulatory elements such as enhancers. Introns are

5 removed or "spliced out" from the nuclear or primary transcript; introns therefore

are absent in the messenger RNA (mRNA) transcript. The mRNA functions during

translation to specify the sequence or order of amino acids in a nascent polypeptide.

In addition to containing introns, genomic forms of a gene may also include

sequences located on both the 5
? and 3' end of the sequences which are present on

10 the RNA transcript. These sequences are referred to as "flanking" sequences or

regions (these flanking sequences are located 5' or 3' to the non-translated sequences

present on the mRNA transcript). The 5' flanking region may contain regulatory

sequences such as promoters and enhancers which control or influence the

transcription of the gene. The 3' flanking region may contain sequences which direct

1 5 the termination of transcription, post-transcriptional cleavage and polyadenylation.

As used herein, the term "purified" or "to purify" refers to the removal of

contaminants from a sample.

The term "recombinant DNA molecule" as used herein refers to a DNA

molecule which is comprised of segments ofDNA joined together by means of

20 molecular biological techniques.

The term "recombinant protein" or "recombinant polypeptide" as used herein

refers to a protein molecule which is expressed from a recombinant DNA molecule.

The term "native protein" as used herein to indicate that a protein does not

contain amino acid residues encoded by vector sequences; that is the native protein

25 contains only those amino acids found in the protein as it occurs in nature. A native

protein may be produced by recombinant means or may be isolated from a naturally

occurring source.

As used herein the term "portion" when in reference to a protein (as in "a

portion of a given protein") refers to fragments of that protein. The fragments may

30 range in size from two or more amino acid residues to the entire amino acid

sequence minus one amino acid.
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As used herein, the term "fusion protein" refers to a chimeric protein

containing the protein of interest joined to a different peptide or protein fragment.

The fusion partner may, for example, enhance the solubility of a linked protein of

interest, may provide an epitope tag or affinity domain to allow identification and/or

5 purification of the recombinant fusion protein, e.g., from a host cell which expresses

the fusion or a culture supernatant of that cell, or both, or may have another property

or activity, e.g., two functional enzymes can be fused to produce a single protein

with multiple enzymatic activities. If desired, the fusion protein may be removed

from the protein of interest by a variety of enzymatic or chemical means known to

10 the art. Thus, examples of fusion protein producing sequences useful in the vectors

of the invention include epitope tag encoding sequences, affinity domain encoding

sequences, or other functional protein encoding sequences, and the like. The use of

the term "functional protein encoding sequence", as used herein, indicates that the

fusion protein producing element of a vector encodes a protein or peptide having a

15 particular activity, such as an enzymatic activity, e.g., luciferase or dehalogenase, a

binding activity, and the like, e.g., thioredoxin. For example, a functional protein

encoding sequence may encode a kinase catalytic domain (Hanks and Hunter,

FASEB J , 9:576-595, 1995), producing a fusion protein that can enzymatically add

phosphate moieties to particular amino acids, or may encode a Src Homology 2

20 (SH2) domain (Sadowski, et al., Mol. Cell. Bio. , 6:4396, 1986; Mayer and

Baltimore, Trends Cell. Biol. , 3:8, 1993), producing a fusion protein that

specifically binds to phosphorylated tyrosines.

I. Restriction Enzyme Sites and Enzymes Usefiil in the Vectors and Methods of the

Invention

25 The present invention employs two general approaches to directional cloning

and ordered gene assembly. In one approach, restriction sites for hapaxoterministic

restriction enzymes, e.g., those with degenerate recognition or cleavage sequences

(see Figures 1-2), are employed. Hapaxoterministic enzymes are enzymes able to

generate unique ends (Table 1). Fokl, a type IIS enzyme, is included and so is

30 AlwNl, an interrupted palindrome. Because the cleavage site is located among the

unspecified bases, the termini are expressed in N f

s. Unless the complete nucleotide
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sequence within the interruption or flanking the recognition site is written, the

detailed nature of the ends cannot be stated; statistically speaking, all single

stranded overhangs will be different. It is also unlikely that these overhangs possess

elements of symmetry. In the general case, this means that the protruding bases are

5 not composed of an asymmetric unit followed by its reverse complement; the ends

will not be self-complementary; and it will not be possible to form concatamers with

a fragment bearing such ends. With nonhapaxoterministic enzymes such as EcoRL

the opposite situation prevails; both the recognition site, G 4AATTC, and the

overhanging ends produced by cleavage, AATT, always display palindrome-like

10 elements; and the overhang of any fragment is complementary with itself and with

the protruding ends of all other fragments generated by the same enzyme.
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Table 1

AlwM
4

CAGNNNCTG
GTCNNNGAC

t

Dram
4

CACNNNGTG
GTGNNNCAC

t

Bbsl

4

GAAGACNN
CTTCTGNNNNNN

t

Earl

I

CTCTTCN
GAGAAGNNNN

t

Bbvl

4

GCAGCNNNNNNNN
CGTCGNNNNNNNNNNNN

t

Espll

i

CGTCTCN
GCAGAGNNNNN

t

Bgll

4

GCCNNNNNGGC
CGGNNNNNCCG

t

Fokl

4

GGATGNNNNNNNNN
CCTACNNNNNNNNNNNNN

t

Bsal

4

GGTCTCN
CCAGAGNNNNN

t

Hgal GACGCNNNNN
CTGCGNNNNNNNNNN

Bsll

4

CCNNKNNNNGG
GGNNNNNNNCC

t

Mwo I

I

GCNNNNNNNGC
CGNNNNNNNCG

t

Bsm AI

4

GTCTCN
CAGAGNNNNN

t

PflMl

i

CCANNNNNTGG
GGTNNNNNACC

t

Bsm FI 4

GTCCCNNNNNNNNNN
CAGGGNNNNNNNNNNNNNN

t

Sap I

4

GCTCTTCN
CGAGAAGNNNN

t

Bsp MI I

ACCTGNNNN
TGGACGNNNNNNNN

t

SfaNl

4

GCATCNNNNN
CGTAGNNNNNNNNN

t

BstXl CCANNNNNNTGG
GGTNNNNNNACC

t

Sfil

4

GGCCNNNNNGGCC
CCGGNNNNNCCGG

t

Note. The cleavage sites are indicated by the arrows. Isoschizomers occur

in several cases. The enzymes listed and their isoschizomers are as follows: Bbsl,

5 Bsc9 1 1; Bbvl, Bstl, Bstl II; Bsal, Ecoh 1 1, BsmM, Alw26l; Earl, Ksp632l; and

PpAl, AccBH.
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Enzymes which generate blunt ends can never be hapaxoterministic. For

instance, the restriction site fovBsaBl has N's but the enzyme produces blunt end.

There are enzymes that are formally, but not functionally, hapaxomers. In

this category are restriction endonucleases that generate overhangs of only one or

5 two unspecified bases such as Alwl and Bpm\, respectively (Table 2). Conversely,

those type II enzymes which recognize sites with multiple degeneracies are

functionally, but not formally, hapaxomers. For example, if a fragment were to be

cut at several locations by Bsp\2S6l (Table 2), an array of single stranded

extensions, e.g., GGCC, TGCA, AGCT, GGCA, GGCT, AGCC, AGCA, TGCC,

10 and TGCT, might occur. The first three of these possess an obvious element of

symmetry which eliminates them from consideration. The last six protrusions do not

possess an element of symmetry and, therefore, are neither self-complementary nor

self-ligatable; they have the potential to be unique. On that basis Bsp 12861 is a

hapaxomer. Hapaxoterminicity is the ability to generate a finite percentage of

1 5 overhangs lacking in symmetry. The symmetry or lack thereof of the restriction

enzyme recognition site is ofno consequence.

Table 2

Alwl

Bpml

Bsp 1286 I

GGATCNNNN
CCTAGNNNNN

t

CTGGAGNNNNNNNNNN^^
GACCTCNNNNNNNNNNNNNN

t

G C 1

GAGCAC
T T
C G
CTCGTG
tA A

A hapaxomer with

an overhang of one

base

A hapaxomer with

an overhang of two

bases

An honorary

hapaxomer

20

Bsp 12861 has overhangs of four bases on each strand; two bases are uniquely

specified and two are restricted to one of three possibilities. Clearly, the statistical
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probability that the ends are unique is less than that of enzymes which generate two

completely unspecified overhanging bases. Such enzymes include Bcgl, Bpml,

Bsall, Bsgl, BsrDl Drdl, and EcoSll.

In one embodiment of the invention, a donor vector is obtained or prepared.

The donor vector includes a DNA sequence of interest flanked by at least two

restriction enzyme sites, at least one ofwhich is for a first restriction enzyme with a

degenerate recognition sequence. In another embodiment, the DNA sequence of

interest is flanked by two restriction enzyme sites for a restriction enzyme with a

degenerate recognition sequence, which sites are not identical and so, once the

donor vector is cleaved with that enzyme, yields a linear DNA with non-self

complementary single-strand DNA overhangs. The donor vector also contains at

least one selectable marker gene which optionally is not the DNA sequence of

interest, e.g., the selectable marker gene is part of the vector backbone. The donor

vector is useful to transfer the DNA sequence of interest in an oriented manner to an

acceptor vector for expression of the DNA sequence of interest in the resulting

recipient vector. The acceptor vector contains non-essential DNA sequences

flanked by at least two restriction enzyme sites for a second restriction enzyme with

a degenerate recognition sequence which yields non-self complementary single-

strand DNA overhangs. Those sites, once cleaved, yield single-strand DNA

overhangs that are each complementary to only one of the two single-strand DNA

overhangs generated by the first restriction enzyme. In one embodiment, the first

and second restriction enzymes are the same. In another embodiment, the first and

second restriction enzymes are different and are not isoschizomers and so, the

resulting ligated sequences (the exchange site) are not cleavable by at least one of

restriction enzymes having a degenerate recognition sequence that is employed to

transfer the DNA sequence of interest. For example, the fusion of single-strand

DNA overhangs generated by Bgtl and single-strand DNA overhangs generated by

Sfil results in an exchange site that is not cleavable by Sfil, but is cleavable by BgH.

Similarly, the fusion of single-strand DNA overhangs generated by Sgfl and single-

strand DNA overhangs generated by Pvul results in an exchange site that is not

cleavable by Sgfl, but is cleavable by Pvul. Further, the fusion of ends generated by
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Pmel and ends generated by Dral results in an exchange site that is not cleavable by

Pmel, but is cleavable by Dral.

In another approach, a donor vector is obtained or prepared that contains a

DNA sequence of interest flanked by at least two restriction enzyme sites, one of

which is for a first restriction enzyme which has infrequent restriction sites in

cDNAs or open reading frames from at least one species and generates single-strand

DNA overhangs, and another of which is for a second restriction enzyme that has

infrequent restriction sites in cDNAs or open reading frames from at least one

species and generates ends that are not complementary to the overhangs generated

by the first restriction enzyme. In one embodiment, the second restriction enzyme

generates blunt ends. The donor vector also contains at least one selectable marker

gene which optionally is not the DNA sequence of interest. The donor vector is

useful to transfer the DNA sequence of interest in an oriented manner to an acceptor

vector for expression of the DNA sequence of interest, resulting in a recipient

vector. The acceptor vector contains non-essential DNA sequences flanked by at

least two restriction enzyme sites. In one embodiment, the non-essential DNA

sequences comprise a counter-selectable gene, e.g., a barnase gene, a ccdB gene, or

a SacB gene. One of the flanking restriction sites in the acceptor vector is for a third

restriction enzyme which generates single-strand DNA overhangs, which overhangs

are complementary to the single-strand DNA overhangs produced by digestion of

the donor vector with the first restriction enzyme. In one embodiment, the

restriction site for the third restriction enzyme is different than the restriction site for

the first restriction enzyme and the sites are not cleaved by the same restriction

enzyme. In another embodiment, the first and third restriction enzymes are the

same. The other flanking restriction site in the acceptor vector is for a fourth

restriction enzyme which yields ends that are not complementary to the ends

generated by the first or third restriction enzyme. In one embodiment, the second

and fourth restriction enzymes generate blunt ends. In one embodiment, the

restriction site for the fourth restriction enzyme is different than the restriction site

for the second restriction enzyme and the sites are not cleaved by the same

restriction enzyme. In this manner, the exchange site is likely not cleavable by the
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second or fourth restriction enzyme. In another embodiment, the second and fourth

restriction enzymes are the same.

Thus, by designing a donor vector and an acceptor vector with selected

restriction enzyme sites which are appropriately positioned, once these vectors are

5 digested with the respective restriction enzymes, the DNA sequence of interest can

only be oriented in one direction in the acceptor vector backbone.

Restriction enzyme sites useful in the practice of the invention include but

are not limited to hapaxomeric sequences, sequences recognized by class II enzymes

or class IIS enzymes, as well as restriction enzyme sites recognized by enzymes that

10 yield blunt ends, and including enzymes that are infrequent cutters in one or more

species.

Suitable class IIS restriction enzymes include those enzymes that recognize a

five-base contiguous sequence, including but not limited to the following enzymes

and their isoschizomers, which are indicated in parentheses: Alw26l (BsmAl), Alwl

15 (AclWI, Binl\ AsuHPl {Hph\\ Bbvl (Bstlll), Bcefl, Bst¥5l (BseGl, Fokl\ Fau\

Hga\ Mboll, Plel, SfaNl, and TspRI; that recognize a six-base contiguous sequence

including but not limited to the following enzymes and their isoschizomers: Acelll,

Bbsl (Bbvll
9
Bpil, BpuKl), BceS3l, BciVl, Bfil (Bmrl), Bpml (Gsul\ Bsal (Eco3\l\

BseW, Bsgl BsmBl (Esp3l), BsmFl, BspMl, BsrDl (Bse3Dl), Bsu6l (Eam\ 1041,

20 Earl, Ksp632l), EcoSll, Faul, Mmel, RleAl, Taqll, and TthlU II. Sapl and its

isoschizomer VapK32I, which recognize a seven-base sequence, and Sfil, which

recognizes an eight-base sequence, also can be used. Further examples of useful

enzymes include those that recognize a four-base pair split sequence (e.g., Bse4l

(BseLI, MsiYl, Bstt), Mwol), and enzymes that recognize a six-base pair split

25 sequence (e.g., AccBH (Esp 13961, PfMI, Van9\\\ Adel (Dralll), Ahdl (AspEI,

Eam\ 1051, EchHKI, NruGl), AlwNl, ApaBl (BstAPV), Aspl (P/7FI, Tth\ 111), BglU

BstXI, Drdl (DseDT), and EcoNl {Xag\\ Xcml). Additional suitable class IIS

restriction enzymes are known to those of skill in the art (see, for example,

Szybalski et al., Gene , 100:13 (1991)).

30 There are other enzymes that are not class IIS enzymes, which produce non-

palindromic ends. Examples of such enzymes include but are not limited to Aval
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(AmaSll, Bcol, BsoBl, £co88I), Avail (EcoAll, BmelSl, HgiEl, SinT), Banl

(AccBll, Bshm, £co64I), Bfml (BstSXl, Sfcl), BpulOl, BsaMl (BscCl, Bsml,

Mval269I), 5sM285I (BsaOl, BsiEl, BstMCl), BseM (BseNl, Bsrl, CfrlOl), 55/1

(BssSl, BstlBI), BsiZl (AspS9l, Cfrl3l, Sau96T), Bspl720l (Blpl, Bpul\02l, Ce/H),

5 Bst4Cl, BstDEl (Ddel), Cpol (Cspl, Rsrll), Dsal (BstDSl), EcolAl (Banll, EcoT3 81,

FriOl, Hgim), Ecol30l (Styl, BssTll, EcoTUl, Erhl), Espl (Blpl, BpullOU,

BsplllOl, CelH), HgiAl (AsiHKAI, Alw2U, AspHl, Bbv\2l), Hinfl, PspWl

(PpuMl, PspSll), SanDl, Sdul (Bspl2S6l, Bmyl), Seel (BsaJl, BseDl), Sfcl (Bfml,

BstSEl), and Smll.

1 0 Other enzymes useful in the invention are those which have few recognition

sites in DNA, e.g., cDNAs, of one or more organisms (an "infrequent cutter"). To

select restriction enzyme sites for this embodiment of the invention, analyses of

sequences for a plurality ofmRNAs, open reading frames and/or cDNAs from an

organism are conducted, e.g., using computer software, to determine the relative

1 5 frequency of those sites in that organism (see Figures 3-5). For example, Sapl has

numerous recognition sites in human cDNAs, e.g., 38-43%, while the combination

of Sgfl and Pmel, and Sfil, have relatively few recognition sites in human cDNAs,

for instance, 2 to 3%, and 13 to 14%, respectively. Enzymes which may generate

ends complementary to Sgfl include but are not limited to Z?ce83I (BpuEl), BseMll,

20 BseRl, Bsgl, BspCM, BsrDl (Bse3Dl, BseMl), BstF5l (BseGl), Btsl, Drdl (Aasl,

DseDl), Ecil, EcoSll (Acul, BspK15l), Eco51Ml, Gsul (Bpml), Mmel, Taqll,

TspDIl, TspGm, Tthl 1 III, BspKT6l (BstKTl), Pad, Pvul (Afa22Ml, Afal6BI,

BspCl, EagBl, ErhB9l, Mvrl, Nbtl, Plel9l, Psul6ll, Rshl, XorlT), and Sgfl (AsiST).

Enzymes which generate blunt ends include but are not limited to AhaUl

25 (Drdl, PauAll, SruT), Alul (MltT), Ball (MM, Mm3 1 1, M/mNI, Mscl, Msp20l), BfrBl,

BsaAl (BstBAl, MspYl, PsuAT), BsaBl (Bse8l, Bseil, Bshl365l, BsiBl, BsrBBl,

MamY), BsrBl (AccBSl, BstDl02l, Bst3Wl, Mbil), Btrl (BmgBl), CacSl (BstCSI),

Cdil, Cv/JI (CvtTI), CviRI (HpyCm\ HpyYAWH), EcoAllH (Afel, Aid, Aor51HI,

Funl), Ecol%l (Egel, Ehel, SfoT), EcolCRI (BpuAml, Ecll36Il, Eco53U, Mxal),

30 EcoRV (Ceql, Eco32l, Hjal, HpyCl, NsiCI), EsaBC3l, FnuDU (AccU, BceBl, Bepl,

Bpu9Sl, Bshl236l, Bsp50l, Bspl23l, BstFNl, BstUl, BsulS32l, Btkl, Csp6SKVl,
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CspKVI, Fain, FauBll, Mvnl, Thai), FspAl, Hael, Haelll (BanAl, BecAll,

Biml9ll, Bme36ll, BseQl, Bshl, BshFI, Bsp2\U, BspBRl, BspKl, BspRl, BsuRl,

Btel, CM, Dsall, EsaBC4l, FnuDl, MchAll, MfoAl, NgoVU, NspLKI, PaR,

Pdel33l, PflKI, Phol, Plal, Sbvl, Sfal, Sual), Hindll (HinJCl, Hindi), Hpal

5 (5s*EZ359I, BstHPl, KspAl, Ssrl), HpyZl (HpyBll), Lpnl (BmeU2l), Mlyl (Schl),

Mstl (SmiMl), Mstl (Acc\6l, Aosl, Avill, Fdill, Fspl, Nsbl, Paml, Punl4627l), Nael

(Ccol, Pdil, SauBMKl, SauWl, SauUPl, SawNI, SauSl, Slulllll, SspCT), NlaW

(Aspm, BscBl, BspU, PspN4l), Nrul (Bsp6U, MluBll, Sbol3l, Spol), NspBll

(MspAU), Olil (Alel), PmaCl (Acvl, Bbr?l, BcoAl, Ecolll, Pmli), Pmel (Mssl),

10 PshAl (Boxl, Bst?Al), Psil, Pvull (Bavl, BavAl, BavBl, Bspl53Al, BspM39l,

BspOAl, Cfr6l, Dmal, Ecll, NmeRl, Paellkl, Pwnl4627II, Pvm84II, Uba\53Al,

UbaM39l), Rsal (Afal, HpyBI, PlaAll), Seal (Accl 131, Assl, Dpal, Eco255l,

RflFll), Scil, Smal {CfrUl, PaeBl, PspALl), SnaBl (BstSM, EcolOSl), Srfi, Sspl,

SspD51, Stul (Aatl, AspMl, EcoUH, Gdil, Peel, PmeSSl, Sari, SruZQDl, SseBl,

1 5 Stel), Swal (BstRZ2461, BstSW, MspSWl, Smil), Xcal {BspV&Ql, BssNAl,

Bstl 1071, BstBSl, BstZllT), Xmnl (AsplOOl, BbvAl, MroXl, Pdml), and Zral.

In one embodiment, the restriction enzyme site in a vector of the invention is

for a restriction enzyme that generates blunt ends and preferably has relatively few

recognition sites in a particular organism, e.g., Pmel (Mssl), Nrul (Bsp6Sl, MluBll,

20 Sbo\ 31, Spol), SnaBl (BstSNl, £col05I), Srfi, and Swal (BstRZ246l, BstSWl,

MspSWl, Smil), as well as Hpal, Hindi, PshAl, Oli I, Alul, Alw26l, Ball, Dral,

Dpnl, £coR47III, EcoRCRI, EcoRV, Fokl, Haelll, Hindi, Mbol, MspAll, Nael,

Rsal, Pvull, Seal, Smal, Sspl, Stul, Xmnl, EcaBC3l, Scil, Hindi, Dral, BsaBl,

CacU, HpySl, Mlyl, PshAl, SspDSl, BfrBl, BsaAl, BsrBl, Btrl, Cdil, Cvill, CviRl,

25 £co47iII, EcolSl, EcolCRl, FnuDll, FspAl, Hael, Lpnl, Mlyl, Ms/I, Mstl, Nael,

NlaW, Nrul, NspBll, Olil, PmaCl, PshAl, Psil, Srfi, Stul, Xcal, Xmnl, Zral or an

isoschizomer thereof.

II. Methods to Identify Frequencies of Recognition Sites

Figure 3 is a flowchart of a method 300 for performing a genetic analysis

30 according to an embodiment of the invention. The method may be performed by

one or more computer programs or modules made up of computer-executable
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instructions. Describing the method by reference to a flowchart enables one skilled

in the art to develop such programs or modules including such instructions to carry

out the method on suitable computers (the processor or processors of the computer

executing the instructions from computer-readable media such as RAM, ROM, CD-

5 ROM, DVD-ROM, hard-drives, floppy drives and other such media). The method

illustrated in Figure 3 is inclusive of acts that may be taken by an operating

environment executing an exemplary embodiment of the invention.

A system executing the method begins by populating a database with genetic

records obtained from a source database (block 302). Populating a database may be

10 performed using some manual manipulations. In some embodiments, the genetic

records comprise gene sequences having open reading frames, e.g., from cDNAs, or

a portion thereof. In some embodiments, the database is^populated using genetic

records that may be obtained from publicly available source databases. For

example, in some embodiments human genetic data may be obtained through the

1 5 Internet using the URL (Uniform Resource Locator)

"ftp.ncbi.nih.gov/refseq/H_sapiens/mRNA_Prot/hs_fiia.gz'' or the URL

mgc.nci.nih.gov/. Genetic data for baker's yeast may be obtained using the URL

"genome-

ftp.stanford.edu/pub/yeast/data_download/sequence/genomic_sequence/orf_dna."

20 Genetic data for E. coli may be obtained from the URL

"www.genome.wisc.edu/sequencing/kl2.htm." Genetic data for C elegans may be

obtained using the URL

"ftp.wormbase.org/pub/wormbase/confirmed_genes_current.gz". Genetic data for

Arabidopsis may be obtained using the URL

25 "tairpub:tairpub@ftp.arabidopsis.org/home/tair/Sequences^last_datasets/file=ATH

1 .cds." It should be noted that no embodiment of the invention is limited to any

particular source for the genetic data, and that many publicly and privately available

sources may be utilized. In one embodiment, the genetic records represent at least

10% or more, e.g., 25%, 50% or more, of the open reading frames in the genome of

30 a selected organism.
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The data format for the source data may be different from the format desired

for the genetic database. In some embodiments, the source data is converted to a

common format for storage in the genetic database.

A query is issued to search for a subset of records in the genetic database

5 that have at least one recognition site for a predetermined restriction enzyme or for a

set of predetermined restriction enzymes (block 304). In one embodiment, one or

more predetermined restriction enzymes have a 6, 7 or 8 bp recognition site, e.g., a

set may include a predetermined restriction enzyme with a 7 bp recognition site and

another with a 8 bp recognition site. However, the present invention is not limited

10 to any particular number of restriction enzymes included in the set or to a particular

number ofbp in the recognition site for the one or set of predetermined restriction

enzymes. The resulting subset of records may be stored in a temporary table, in a

separate results table, or in a separate database.

In some embodiments, the resulting subset of genetic records is filtered to

1 5 exclude records that may lead to erroneous, skewed, or non-useful results (block

306) or include records with selected characteristics. For example, it has been

found that very long sequences in excess of 21,000 bp, a size likely to represent one

of the largest open reading frames, typically lead to erroneous, skewed or non-useful

results. Other filtering characteristics may also be used and are within the scope of

20 the present invention. Examples of such filtering characteristics include filtering for

(to exclude or include) a certain GC content, the presence or absence of introns,

specific amino acid compositions in the predicted translation product of the open

reading frames, similarity to known genes in specific gene families, a particular

isoelectric point of predicted protein products of the open reading frames, and/or

25 predicted membrane spanning proteins in the open reading frames. It should be

noted that filtering may occur at any point in the method. For example, the records

may be filtered prior to populating the genetic database, or as part of the query to

create the subset of records at block 2204.

Next, a set of one or more statistics may be obtained by issuing one or more

30 queries on the subset of records having at least one restriction enzyme recognition

site (block 308). In some embodiments, the queries comprise pattern matching
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queries. The pattern may be specified in any of a number ofways known in the art.

For example, wildcard characters may be used to specify one or more positions in

the pattern, or regular expressions may be used to specify the pattern. The present

invention is not limited to any particular form for specifying a pattern.

5 Additionally, the pattern may be submitted as part of a query to a database engine,

or the pattern matching may be executed by a program such as a Visual Basic

program on records obtained by a query.

In some embodiments, the number of records having particular restriction

enzyme recognition sites is determined and reported (block 310). In some

10 embodiments, in order to be included in the statistics, each record contains

recognition sites for all of a predetermined set of restriction enzymes in order to be

analyzed.

In alternative embodiments, the number of restriction enzyme target sites

occurring in a record is determined and reported (block 312). In some of these

1 5 alternative embodiments, the record contains recognition sites for all of a

predetermined set of restriction enzymes in order to be analyzed.

In further alternative embodiments, statistics regarding the bases at

ambiguous positions recognized or cleaved by hapaxomeric restriction enzymes are

determined and reported (block 314). The statistics are desirable for determining

20 the distribution of bases in the ambiguous positions of those restriction enzymes.

Two examples of such ambiguity are the presence ofN's in sites recognized or

cleaved by Sfil and Sapl as illustrated in Figure 1. In these alternative

embodiments, the identity of any ambiguous bases in the recognition site(s) or bases

between the recognition site(s) and the actual cleavage site(s) of some or all of the

25 predetermined restriction enzymes are determined and reported along with one or

more statistics on the identity of these bases.

Figures 4-5 provide the frequency for various restriction enzyme recognition

sites in a variety of organisms determined by the method described herein.
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III. Vectors of the Invention

Donor or recipient vectors are used to transfer a DNA sequence of interest,

e.g., one in a library, e.g., in a cDNA library, in another vector, e.g., an expression

vector, or one obtained from an isolated fragment, e.g., a PCR fragment, which

5 DNA sequence of interest is flanked by desirable restriction enzyme recognition

sites, to another vector (an acceptor vector) to generate a recipient (expression)

vector, e.g., one useful for expression of the DNA sequence of interest. The

presence and position of desirable restriction enzyme recognition sites in the

acceptor vector and those flanking the DNA sequence of interest permits the rapid

1 0 subcloning or insertion of the DNA sequence of interest into the acceptor vector in

an oriented manner.

The acceptor vector may include sequences 5' and/or 3' to the desirable

restriction enzyme recognition sites which encode a peptide or polypeptide (fusion

partner), which sequences, when operably linked to the DNA sequence of interest

15 and expressed in a cell, cell lysate or in vitro transcription/translation system, yield a

fusion protein. Such a peptide or polypeptide may be located at either the N- or C-

terminus of the fusion protein. Alternatively, the fusion protein may contain a

peptide or polypeptide at both the N- and C-terminus, and each peptide or

polypeptide may be different. Alternatively, the DNA sequence of interest may

20 itself encode a fusion protein and, once combined with the acceptor vector, result in

a recipient vector which encodes a recombinant polypeptide which includes one or

more additional residues at the N-terminus, C-terminus, or both the N- and C-

termini, which residues are encoded by sequences in the acceptor vector, e.g., those

encoded by sequences 5' and/or 3* to the desirable restriction enzyme recognition

25 sites. Moreover, one or more amino acid residues may be encoded by the exchange

sites generated by the ligation of the ends of the DNA sequence of interest and the

acceptor vector.

In one embodiment, the peptide or polypeptide fusion partner is an epitope

tag, affinity domain, e.g., a protease recognition site, or enzyme, e.g., thioredoxin or

30 dehalogenase. An epitope tag is a short peptide sequence that is recognized by

epitope specific antibodies. A fusion protein comprising an epitope tag can be
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simply and easily purified using an antibody bound to a chromatography resin. The

presence of the epitope tag further allows the recombinant protein to be detected in

subsequent assays, such as Western blots, without having to produce an antibody

specific for the recombinant protein itself. Examples of commonly used epitope tags

include V5, glutathione-S-transferase (GST), hemaglutinin (HA), FLAG, c-myc,

RYIRS, calmodulin binding domain, the peptide Phe-His-His-Thr-Thr, chitin

binding domain, and the like.

Affinity domains are generally peptide sequences that can interact with a

binding partner, such as one immobilized on a solid support. DNA sequences

encoding metal ion affinity sequences, such as those with multiple consecutive

single amino acids, e.g., histidine, when fused to the expressed protein, may be used

for one-step purification of the recombinant protein by high affinity binding to a

resin column, such as nickel sepharose. An endopeptidase recognition sequence can

be engineered between the polyamino acid tag and the protein of interest to allow

subsequent removal of the leader peptide by digestion with enterokinase, and other

proteases. Sequences encoding peptides or proteins, such as the chitin binding

domain (which binds to chitin), GST (which binds to glutathione), biotin (which

binds to avidin and strepavidin), maltose binding protein (MBP), a portion of

staphylococcal protein A (SPA), a polyhistidine tract (HISn), and the like, can also

be used for facilitating purification of the protein of interest. The affinity domain

can be separated from the protein of interest by methods well known in the art,

including the use of inteins (protein self-splicing elements, Chong et al., Gene,

192:271 (1997). In one embodiment, sequences for more than one fusion partner

can be linked to sequences for a peptide or polypeptide of interest, e.g., an affinity

domain is linked to a protease cleavage recognition site which is linked to a

polypeptide of interest.

To prepare expression vectors intended to generate defined fusions at the 5'

end of an open reading frame (e.g., the acceptor vector does not contain sequences

5 ' of the exchange site that encode a peptide or protein for fusion), a desired

restriction enzyme recognition site is placed at the desired start of transcription in

the vector. Care is taken to avoid introducing an ATG or start codon upstream of
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the exchange site that might initiate translation inappropriately. For instance, fusion

of an overhang generated by Sgfl digestion of an acceptor vector with a compatible

overhang which is 5' to a start codon for an open reading frame in a DNA fragment

can yield a recombinant vector containing a de novo start site for that open reading

frame. Sequences from the acceptor vector which are present in the recombinant

vector include sequences 5' to the overhang generated by Sgfl digestion, which

optionally include a suitably positioned RBS. Optionally, sequences at the 5' end of

the open reading frame include a Kozak sequence or a portion thereof which, when

present in mRNA, is capable of binding the small subunit of a eukaryotic ribosome.

To prepare expression vectors intended to generate a fusion protein by

fusing a vector encoded peptide or protein located at the N-terminus of a fusion

protein to a DNA sequence of interest (i.e., a translational fusion), the restriction

enzyme recognition site is positioned in the correct reading frame such that 1) an

open reading frame is maintained through the restriction enzyme recognition site on

the acceptor vector and 2) the reading frame in the restriction enzyme recognition

site on the acceptor vector is in frame with the reading frame found on the

restriction enzyme recognition site contained within the donor vector. In addition,

the appropriate restriction enzyme recognition site on the acceptor vector is

designed to avoid the introduction of in-frame stop codons. The DNA sequence of

interest contained within the donor vector is thus cloned in a particular reading

frame in the acceptor vector so as to facilitate the creation of the desired N-terminal

fusion protein. For example, fusion of Sgfl sites at the 5
' end of a DNA sequence of

interest and 3
' end of the acceptor vector can provide read through sequences.

Similarly, to prepare expression vectors intended to generate a fusion protein

by fusing a vector encoded peptide or protein located at the C-terminus of a fusion

protein and a DNA sequence of interest, the restriction enzyme recognition site is

positioned in the correct reading frame such that 1) an open reading frame is

maintained through the restriction enzyme recognition site on the acceptor vector

and 2) the reading frame in the restriction enzyme recognition site on the acceptor

vector is in frame with the reading frame found on the restriction enzyme

recognition site contained within the donor vector, i.e., a site which flanks the DNA
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sequence of interest at the 3
f

end. The DNA sequence of interest contained within

the donor vector can thus be cloned in a particular reading frame so as to facilitate

the creation of the desired C-terminal fusion protein. For instance, fusion of a Pmel

site with a EcoRY or Ball site can yield a C-terminal fusion with at least 2 amino

acids added at the C-terminus, while fusion oftwo Pmel sites or a Pmel site and a

Dral site can yield a C-terminal fusion with a single amino acid added at the C-

terminus.

In one embodiment, the expression vector encodes a protein with multiple

fusion partners, e.g., an affinity tag for purification and a protease cleavage site

fused to a protein of interest.

Use of the cloning system herein makes it possible to bring the protein

sequence to be expressed in close proximity to the N-terminal and/or C-terminal

fusion partner. A particular advantage is that it is possible to select the reading

frame. This makes it possible not only to exactly position the DNA sequence of

interest but also to define the ends of the fusion gene.

The vectors employed in the practice of the invention also contain one or

more nucleic acid sequences that generally have some function in the replication,

maintenance or integrity of the vector, e.g., origins of replication, as well as one or

more selectable marker genes. Replication origins are unique DNA segments that

contain multiple short repeated sequences that are recognized by multimeric origin-

binding proteins and which play a key role in assembling DNA replication enzymes

at the origin site. Suitable origins of replication for use in expression vectors

employed herein include E. coli oriC, colEl plasmid origin, 2/x and ARS (both

useful in yeast systems), sfl, SV40 EBV oriP (useful in mammalian systems), pi

5

or those found in pSOOl and the like.

Selection marker sequences are valuable elements in vectors as they provide

a means to select for or against growth of cells which have been successfully

transformed with a vector containing the selection marker sequence and express the

marker. Such markers are generally of two types: drug resistance and auxotrophic.

A drug resistance marker enables cells to detoxify an exogenously added drug that

would otherwise kill the cell. An auxotrophic marker allows cells to synthesize an
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essential component (usually an amino acid) while grown in media which lacks that

essential component.

A wide variety of selectable marker genes are available (see, for example,

Kaufrnan, Meth. Enzvmol. , 185:487 (1990); Kaufman, Meth. EnzvmoL 185:537

5 (1990); Srivastava and Schlessinger, Gene , 103:53 (1991); Romanos et al., in DNA

Cloning 2: Expression Systems, 2.sup.nd Edition, pages 123-167 (IRL Press 1995);

Markie, Methods Mol. BioL , 54:359 (1996); Pfeifer et al., Gene, 188:183 (1997);

Tucker and Burke, Gene , 199:25 (1997); Hashida-Okado et al., FEBS Letters ,

425 : 117 (1998)). Common selectable marker gene sequences include those for

10 resistance to antibiotics such as ampicillin, tetracycline, kanamycin, bleomycin,

streptomycin, hygromycin, neomycin, Zeocin™, and the like. Selectable

auxotrophic gene sequences include, for example, hisD, which allows growth in

histidine free media in the presence of histidinol.

Suitable selectable marker genes include a bleomycin-resistance gene, a

1 5 metallothionein gene, a hygromycin B-phosphotransferase gene, the AURI gene, an

adenosine deaminase gene, an aminoglycoside phosphotransferase gene, a

dihydrofolate reductase gene, a thymidine kinase gene, a xanthine-guanine

phosphoribosyltransferase gene, and the like.

An alternate approach is to use a selectable marker gene that encodes a

20 mutated enzyme that is less active than the corresponding wild-type enzyme. As an

illustration, Munir et al., Protein Eng. , 7:83 (1994), describe the design of mutant

thymidine kinase enzymes with decreased activity (also see Liu and Summers,

Virology, 163:638 (1988); Mendel et al., Antimicrob. Agents Chemother. , 39:2120

(1995)). Low activity mutants have also been described for adenosine deaminase

25 and dihydrofolate reductase (see, for example, Prendergast et al, Biochemistry,

27:3664 (1988); Jiang et al., Hum. Mol. Genet. , 6:2271 (1997); Ercikan-Abali et al.,

Mol. Pharmacol , 49:430 (1996)).

Another type of marker gene is a gene that produces a readily detectable

protein, such as green fluorescent protein, red fluorescent protein, an enzyme (e.g.,

30 placental alkaline phosphatase, beta-galactosidase, beta-lactamase, or luciferase), or

a cell surface protein that can be detected with an antibody (e.g. CD4, CD8, Class I
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major histocompatibility complex (MHC) protein, etc.). The expression products of

such selectable marker genes can be used to sort transfected cells from untransfected

cells by such standard means, e.g., FACS sorting or magnetic bead separation

technology.

Metallothionein genes encode proteins that have a high affinity for toxic

metals, such as cadmium, zinc, and copper (Beach and Palmiter, Proc. Nat'l Acad.

Sci. USA , 78:2110 (1981); Huang et al., EXS, 52:439 (1987); Czaja et al., J. Cell.

Physiol., 147:434 (1991)). Accordingly, metallothionein genes provide suitable

titratable markers for the methods described herein.

In one embodiment, the acceptor vector includes a counterselectable gene

flanked by desirable restriction enzyme sites. Preferred genes in this regard include

but are not limited to lethal genes, such as those which are inducible with low to no

constitutive activity (and preferably with some immunity factor), e.g., genes such as

bar (barstar), those encoding a restriction enzyme (a gene encoding a corresponding

methylase), or those encoding nuclease colicins, e.g., E9 DNAse, and colicin

RNases and tRNases, or gyrase A, as well as MazF(ChpAK), Doc (Phd), ParE,

PasB, StbOrf2, HigB, z, RelE, Txe, YeoB, SacB, KilA, KorA, KorB, Kid (Kis), PemK

(Peml), Hok {Sok\ Dec {Pno\ CcdB (CcdA\ F' plasmid, and the like.

Other selection approaches include the use of regulated transcriptional

modulators, e.g., a tertracycline inducible or repressible system (see, for instance,

WO 96/01313).

The acceptor vectors employed in the practice of the invention also contain

one or more nucleic acid sequences that have some function in the expression of a

protein, i.e., transcriptional regulatory sequences, for instance, inducible or

repressible control sequences such as promoter or enhancer sequences.

Promoter-enhancer sequences are DNA sequences to which RNA

polymerase binds and initiates transcription. The promoter determines the polarity

of the transcript by specifying which strand will be transcribed. Bacterial promoters

consist of consensus sequences, -35 and -10 nucleotides relative to the

transcriptional start, which are bound by a specific sigma factor and RNA

polymerase. Eukaryotic promoters are more complex. Most promoters utilized in
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vectors are transcribed by RNA polymerase II. General transcription factors (GTFs)

first bind specific sequences near the start and then recruit the binding ofRNA

polymerase II. In addition to these minimal promoter elements, small sequence

elements are recognized specifically by modular DNA-binding/trans-activating

5 proteins (e.g., AP-1, SP-1) that regulate the activity of a given promoter. Viral

promoters serve the same function as bacterial or eukaryotic promoters and either

provide a specific RNA polymerase in trans (bacteriophage T7) or recruit cellular

factors and RNA polymerase (SV40, RSV, CMV). Viral promoters may be

preferred as they are generally particularly strong promoters.

10 Promoters may be, furthermore, either constitutive or regulatable (i.e.,

inducible or derepressible). Inducible elements are DNA sequence elements which

act in conjunction with promoters and bind either repressors (e.g., /acO/LAC Iq

repressor system in E. coli) or inducers (e.g., GalVGALA inducer system in yeast

r/zaBAD/rhamnose in E. coli). In either case, transcription is virtually "shut off

1 5 until the promoter is derepressed or induced, at which point transcription is "turned-

on".

Examples of constitutive promoters include the int promoter of

bacteriophage X, the bla promoter of the 0-lactamase gene sequence ofpBR322, the

CAT promoter of the chloramphenicol acetyl transferase gene sequence of pPR325,

20 and the like. Examples of inducible prokaryotic promoters include the major right

and left promoters of bacteriophage (PL and PR), the trp, reca, lacZ, /ad, araC and

gal promoters of E. coli, the a-amylase (Ulmanen et ah, J. Bacteriol. , 162:176

(1985), the araBAD promoter, the rhaBAD promoter, and the sigma-28-specific

promoters of B. subtilis (Gilman et al, Gene Sequence , 32:11 (1984), the promoters

25 of the bacteriophages of Bacillus (Gryczan, In: The Molecular Biology of the

Bacilli, Academic Press, Inc., NY, 1982), Streptomyces promoters (Ward et at.,

Mol. Gen. Genet., 203:468 (1986), Pichia promoters (U.S. Pat. Nos. 4,855,231 and

4,808,537), and the like. Exemplary prokaryotic promoters are reviewed by Glick (J.

Ind. Microbiol. , 1:277 (1987); Cenatiempo (Biochimie , 68:505 (1986); and

30 Gottesman fAnn. Rev. Genet. , 18:415 (1984). In one embodiment, the promoter is a

T7 promoter or a SP6 promoter.
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Preferred eukaryotic promoters include, for example, the promoter of the

mouse metallothionein I gene sequence (Hamer et al., J. Mol. Appl. Gen. , 1:273

(1982); the TK promoter of Herpes virus (McKnight, Cell, 31:355 (1982); the SV40

early promoter (Benoist et al., Nature (London) , 290:304 (1981); the yeast Gall

gene sequence promoter (Johnston et al., Proc. Natl. Acad. Sci. (USA), 79:6971

(1982); Silver et al., Proc. Natl. Acad. Sci. (USA), 81:5951 (1984), abaculovirus

promoter, the CMV promoter, the EF-1 promoter, Ecdysone-responsive

promoter(s), tetracycline-responsive promoter, and the like.

Suitable prokaryotic vectors include plasmids such as those capable of

replication in E. coli (for example, pBR322, ColEl, pSClOl, PACYC 184, itVX,

pRSET, pBAD (Invitrogen, Carlsbad, Calif.), and the like). Such plasmids are

disclosed by Sambrook (cf. Molecular Cloning: A Laboratory Manual, second

edition, edited by Sambrook, Fritsch, & Maniatis, Cold Spring Harbor Laboratory,

1989). Bacillus plasmids include pC194, pC221, pT127, and the like, and are

disclosed by Gryczan (In: The Molecular Biology of the Bacilli, supra, pp. 307-

329). Suitable Streptomyces plasmids include plJlOl (Kendall et al., J. Bacteriol.,

169:4177 (1987), and streptomyces bacteriophages such as .phi.C31 (Chater et al.,

In: Sixth International Symposium on Actinomycetales Biology, Akademiai Kaido,

Budapest, Hungary, pp. 45-54, 1986). Pseudomonas plasmids are reviewed by John

et al. (Rev. Infect. Pis. , 8:693 (1986), and Izaki (Jpn. J. Bacteriol. , 33:729 (1978).

In one embodiment, the vector backbone for an acceptor vector for expression of

linked sequences in E. coli includes an amp
K
gene, T7 transcriptional regulatory

elements, and sequences for producing a fusion protein such as a GST, thioredoxin

or dehalogenase fusion with a protein of interest.

Suitable eukaryotic plasmids include, for example, BPV, EBV, vaccinia,

SV40, 2-micron circle, pCI-neo, pcDNA3.1, pcDNA3.1/GS, pYES2/GS, pMT,

pIND, pIND(Spl), pVgRXR (Invitrogen), and the like, or their derivatives. Such

plasmids are well known in the art (Botstein et al., Miami Wntr. Svmp. , 19:265

(1982); Broach, In: The Molecular Biology of the Yeast Saccharomyces: Life Cycle

and Inheritance, Cold Spring, Harbor Laboratory, Cold Spring Harbor, N.Y. pp.

445-470, 1981; Broach, Cell, 28:203 (1982); Dilon et al., J. Clin. Hematol. Oncol. .
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10:39 (1980); Maniatis, In: Cell Biology: A Comprehensive Treatise, Vol. 3, Gene

Sequence Expression, Academic Press, NY, pp. 563-608, 1980. In one embodiment,

the vector backbone for an acceptor vector for expression of linked sequences in

mammalian cells or an in vitro eukaryotic transcription/translation reaction is

pCMVTnT (Promega Corp.), and sequences for producing a fusion protein such as a

GST or dehalogenase fusion with a protein of interest.

Promoters/plasmid combinations are employed with suitable host cells, e.g.,

prokaryotic cells, such as E. coli, Streptomyces, Pseudomonas and Bacillus, or

eukaryotic cells, such as yeast, e.g., Picchia, Saccharomyces or

Schizosaccharomyces, insect cells, avian cells, plant cells, or mammalian cells, e.g.,

human, simian, parcine, ovine, rodent, bovine, equine, caprine, canine or feline

cells, as well as lysates thereof, e.g., TNT, wheat germ lysates or S30 lysates.

In one embodiment, the host cell is a recombinant cell, e.g., a recombinant

prokaryotic cell. In one embodiment, the recombinant host cell is deficient in one or

more genes in an inducible pathway, e.g., a sugar pathway such as the rhamnose

catabolic pathway, and comprises a recombinant DNA comprising an inducible

promoter for the one or more genes operably linked to an open reading frame for a

heterologous RNA polymerase. The recombinant host cell or a lysate there, or an in

vitro transcription/translation mixture supplemented with the heterologous RNA

polymerase, is contacted with a vector of the invention comprising a promoter for

the heterologous RNA polymerase operably linked to a DNA sequence of interest.

In one embodiment, the recombinant host cell is a recombinant E. coli cell that is

deficient in rhamnose catabolism and comprises a rhaBAD promoter operably

linked to a T7 RNA polymerase open reading frame. In the absence of rhamnose,

such a cell has no or low levels of T7 RNA polymerase and so is particularly useful

to clone toxic genes.

In another embodiment, the recombinant host cell expresses an immunity

factor for a gene product that is lethal to the cell. The immunity factor is preferably

expressed from a constitutive promoter. An expression vector encoding the lethal

gene product may be introduced to the recombinant cell and the transformed cell

propagated. In one embodiment the gene product is barnase which has been
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modified by deleting sequences for the secretory segment (signal peptide) and

optionally adding a ATG in place of the last codon for the secretory sequence.

IV. Use ofDNA Binding Proteins to Protect Restriction Enzyme Sites

In the process of introducing a DNA sequence of interest to a donor vector,

5 or from a donor vector to an acceptor vector, restriction enzyme sites which flank

the DNA sequence of interest, i.e., those useful in cloning, may also be present in

either the DNA sequence of interest or vector sequences. To protect sites containing

a particular restriction enzyme site from cleavage by the corresponding enzyme,

DNA binding proteins and methylation may be employed. For instance, the process

10 of protecting a restriction site with RecA (RecA cleavage and production) is more

reproducible, provides better yields and is less cumbersome than partial restriction

digests. Other means of protecting a restriction site include using repressor proteins,

eukaryotic transcription factors, E.coli host integration factor or oligonucleotides

capable of forming a triple helix structure, however, the specificity of protection

1 5 using RecA is entirely from the synthetic single-stranded DNA. In the presence of a

nonhydrolyzable ATP analog such as ATP[gamma-S], the RecA protein

nonspecifically binds to single-stranded DNA (ssDNA) (approximately one RecA

monomer per three nucleotides) to form a structure called a presynaptic filament.

This RecA-coated oligonucleotide then anneals with homologous duplex DNA to

20 form a stable triplex DNA-protein complex. The presynaptic filament represents a

useful molecular research tool in that: i) the sequence and length of the ssDNA

added to the reaction determines the site and span of the presynaptic filament and ii)

the presynaptic filament protects the DNA at the hybridization site from

modification by DNA methylases and restriction enzymes. These features enable

25 RecA protein-mediated DNA complexes to add a new level of specificity to

molecular biology applications that require DNA cleavage at predetermined sites,

such as genomic mapping and the subcloning ofDNA fragments. Compared to

PCR methods, the use of a DNA binding protein is quicker and does not introduce

mutations arising from multiple cycles of in vitro amplification.

30 The general protocols include protecting a restriction site from methylation,

making it unique for restriction enzyme cleavage (RecA cleavage), and protecting a
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restriction site from digestion (RecA protection). The RecA cleavage protocol is

based on the RecA Achilles' cleavage procedure ofKoob et al. (Science , 241, 1084

(1988)), Koob et al. (Gene, 74, 165 (1988)), and Koob et al. (Nucle. Acids Res. , 20,

5831 (1992)). Additionally, RecA cleavage is useful for generating restriction

5 fragments for subcloning when the desired restriction site is repeated several times

within the fragment. However, if only one or two restriction sites are repeated

within the desired fragment, RecA protection is preferred. Based on fluorometric

analysis of the RecA products after electrophoresis, these two protocols routinely

resulted in 70% to 80% protection when a single site was protected. This technique

10 also can be used for DNA embedded in agarose plugs.

Table 3

Oligonucleotides: Prepared by user

to be specific for the intended

protected site. Diluted to 160 ng/jil.

Methylase: In theory, any

restriction enzyme/methylase pair

could be used. In these protocols,

35 |n/^l ofEcoRI methylase was

used.

RecA: 1-3 mg/ml Restriction enzyme: In these

protocols, 12 \\J\il EcoRI was used.

SAM: 1.6mM S-adenosyl

methionine. Prepared immediately

before use from a 32 mM stock by

dilution with ice-cold 5 mM
sulfuric acid.

Buffer A: 250 mM Tris-acetate

(pH 7.5 at 25°C), 1 mM
magnesium acetate.

ATP [gamma-S]: Aliquots of a 10

mM solution (in water) are stored at

-70°C.

Buffer B: 166 mM Tris-acetate

(pH 7.5 at 25°C), 37 mM
magnesium acetate, 100 mM DTT.

80 mM magnesium acetate. 250 mM potassium acetate.

Restriction Enzyme Buffer H
(Promega)

A. RecA Cleavage or Protection Reactions

15 The RecA Concentration

To maximize the specificity and efficiency ofRecA protection, it may be

necessary to manipulate the oligonucleotide:RecA ratio: a concentration of 6.25 ng

RecA in a 10 ^il reaction works well.

The Oligonucleotide Concentration
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The molar stoichiometry (in terms ofmoles of nucleotides to moles ofRecA

protein) of the binding of the oligonucleotide to RecA is 3:1. In other words, one

RecA protein binds every three nucleotides of any single-stranded DNA. This ratio

is independent of oligonucleotide size and corresponds to 160 ng of oligonucleotide

per 6.25 jig RecA. A titration series of 40-280 ng in 40 ng increments is useful to

determine the optimal concentration of oligonucleotide to use with the RecA. If

nonspecific protection is a problem, then 160 ng of oligo(dT) can be added to the

reaction after the addition of ATP[gamma-S].

Design of Oligonucleotide

An oligonucleotide of 30 to 36 bases in length is recommended for both

RecA cleavage and RecA protection in solution. The protected site was located in

the middle of the 30 base oligonucleotide used throughout the development of this

protocol (see also RecA Cleavage and Protection for Genomic Mapping and

Subcloning, from Promega Notes Magazine #50).

Buffer

It may be necessary to adjust the salt concentration to improve the activity of

the enzyme after methylation. Acetate salts appear to be less destabilizing to the

RecA triplex than chloride salts, and thus potassium acetate rather than potassium or

sodium chloride may be employed.

Subcloning the Products ofRecA Cleavage

Because the products of a RecA cleavage reaction are methylated, low

transformation frequencies may arise from incompatibilities with the host's

restriction/modification system. If transformation efficiencies are low, compare the

genotype of the host to the known methylation-induced restriction systems to

determine if this is the cause.

IV. Exemplary Vector Systems

In one embodiment, at least one of the restriction enzyme sites in the donor

vector and/or flanking the DNA sequence of interest is for a restriction enzyme with

a degenerate recognition sequence, e.g., Sfil is a restriction enzyme with a

degenerate recognition sequence that recognizes an interrupted palindromic

sequence (Figure 6). To employ restriction enzymes that recognize an interrupted
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palindromic sequence and generate single-strand DNA overhangs for use in

directional cloning, at least two unique sites for that restriction enzyme and/or

unique site(s) for a different restriction enzyme that generates non-self

complementary single-strand DNA overhangs that are complementary with the

5 overhangs generated by the first restriction enzyme are employed. Other methods

may be used to enhance the frequency of desired vectors, e.g., the use of

methylation, and/or selectable and counterselectable genes.

Figure 7 shows a schematic of the use of donor and acceptor vectors having

restriction enzyme sites for a restriction enzyme which recognizes an interrupted

1 0 palindome (enzyme I; the unique sequences are indicated by A and B, their

complements by A' and B', respectively, and the palindromic sequences by boxes).

The donor vector has a drug resistance gene 1 and a DNA sequence of interest (light

grey box) flanked by one or more restriction enzyme sites for the restriction enzyme

which recognizes an interrupted palindome. The acceptor vector has a different

1 5 drug resistance gene (drug resistance gene 2) and, after digestion with a restriction

enzyme with a degenerate recognition sequence, has non-self complementary

single-strand DNA overhangs A' and B' which are, respectively, complementary

with the non-self complementary single-strand DNA overhangs present after

digestion of the donor vector with enzyme I. Thus, after digestion of the donor

20 vector with enzyme I and in the presence of the linearized acceptor vector and

ligase, the linearized DNA sequence of interest is joined in an oriented manner to

the acceptor vector, to yield a recipient vector. In Figure 7A, one half site of the

restriction site for enzyme I is present at each end of the DNA sequence of interest

in the recipient vector. If the ligation regenerates the restriction site, then there is a

25 competing back reaction (Figure 7B). In Figure 7C, a counterselectable gene (a

lethal gene) is employed in the acceptor vector so that cells with the recipient vector

rather than the acceptor vector can be readily identified.

Figure 8 shows one method by which a DNA sequence of interest is

modified to contain restriction enzyme sites for a restriction enzyme with a

30 degenerate recognition sequence. Oligonucleotides having unique degenerate

sequences for the restriction enzyme at the 5' end, and sequences complementary to
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one of the strands of the DNA sequence of interest at the 3' end, are employed in an

amplification reaction. Those unique sequences are also present in a vector

containing a drug resistance gene. The amplified fragment and the vector are

digested with the restriction enzyme and ligase added to yield a donor vector of the

5 invention. If the sites are recognized by restriction enzymes which are sensitive to

the methylation state ofDNA, e.g., at Dcm sites or using a methylase for Sfil,

methylation may minimize the back reaction. The donor vector is then digested with

a restriction enzyme(s) having degenerate recognition sequences and which releases

the DNA sequence of interest, and mixed with an acceptor vector having

10 complementary single-strand DNA overhangs generated by, for example, a different

enzyme with a degenerate recognition sequence that generates non-self

complementary single-strand DNA overhangs.

Figures 9A-B show another approach to preparing a donor vector of the

invention. A DNA sequence of interest is modified to contain restriction enzyme

1 5 sites for a restriction enzyme with a degenerate recognition sequence.

Oligonucleotides having unique degenerate sequences for the restriction enzyme at

the 5' end, and sequences complementary to one of the strands of the DNA sequence

of interest at the 3
f

end, are employed in an amplification reaction. The DNA

sequence of interest may include internal sites for that restriction enzyme. To

20 protect those internal sites from digestion, they are methylated, while the flanking

sites at the ends of the amplified fragment remain unmethylated and therefore

sensitive to digestion. To accomplish this, oligonucleotides complementary to the

sites which are to remain unmethylated and a DNA binding protein such as RecA

are added to the amplified fragment. The internal sites are then methylated with an

25 appropriate methylase. A column may be employed to remove the oligonucleotide-

DNA binding protein complexes from the amplified fragment. The sites which

were added to the ends of the DNA sequence of interest, once digested, yield non-

self complementary single-strand DNA overhangs. Complementary overhangs may

be generated in a vector by digestion with a selected restriction enzyme with

30 degenerate recognition sites, which enzyme may be different than the enzyme

employed to digest the amplified fragment. The amplified fragment and the vector
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are then digested with the one or more restriction enzymes, and the resulting linear

fragments ligated to form a donor vector containing a drug resistance gene and the

DNA sequence of interest flanked by sites generated by the joining of the

complementary single-strand DNA overhangs, which sites are recognized by one or

5 more restriction enzymes with a degenerate recognition sequence, e.g., the enzyme

employed to digest the amplified fragment.

Figures 10A-B illustrate an approach to prepare a recipient vector of the

invention. In this embodiment, a donor vector comprises a drug resistance gene and

a DNA sequence of interest flanked by restriction enzyme sites for an enzyme with

10 a degenerate recognition sequence and containing one or more of those sites

internally. To protect those internal sites from digestion, they are methylated. To

ensure that the flanking sites remain unmethylated and thus sensitive to digestion,

oligonucleotides complementary to the sites which are to remain unmethylated and

a DNA binding protein are added to a donor vector. The site(s) for the restriction

1 5 enzyme which are not bound by the oligonucleotide/DNA binding protein is/are

then methylated with an appropriate methylase. A column may be employed to

remove the oligonucleotide-DNA binding protein complexes from the donor vector.

The donor vector is then added to an acceptor vector having at least two recognition

sites for a restriction enzyme with a degenerate recognition sequence, which

20 restriction enzyme produces non-self complementary single-strand DNA overhangs

which are complementary to the overhangs generated by digestion of the donor

vector with a restriction enzyme that cleaves the unmethylated sites. The acceptor

vector preferably comprises a drug resistance gene which is different than the drug

resistance gene in the donor vector. In one embodiment, the restriction enzyme

25 used to digest the acceptor vector may be different than the restriction enzyme

employed to digest the donor vector. Subsequent ligation of the linearized DNA

fragments obtained by digestion of the donor and acceptor vectors yields a recipient

vector.

In one embodiment, the restriction enzyme used to linearize the donor vector

30 and the acceptor vector are the same, for instance, the donor vector has unique Sfil

sites flanking the DNA sequence of interest, which sites, once digested with Sfil,
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yield non-self complementary single-strand DNA overhangs that are complementary

with the single-strand DNA overhangs generated after digestion of the acceptor

vector with Sfil. In another embodiment, the donor vector has unique Bgll sites

flanking the DNA sequence of interest which sites, once digested with Bgll, yield

5 non-self complementary single-strand DNA overhangs that are complementary with

the single-strand DNA overhangs generated after digestion of the acceptor vector

with Bgll. In another embodiment, the restriction enzyme with a degenerate

recognition sequence used to linearize the donor vector and the acceptor vector is

different, for instance, the donor vector has unique Sfil sites flanking the DNA

10 sequence of interest which sites, once digested with Sfil, yield non-self

complementary single-strand DNA overhangs that are complementary with the

single-strand DNA overhangs generated after digestion of the acceptor vector with

Bgll. Restriction enzymes useful with Sfil in preparing donor and acceptor vectors

are shown in Figure 11. Methylases for Sfil and/or Bgll may be obtained by well-

15 known methods, see, e.g., U.S. Patent Nos. 5,179,015, 5,200,333, and 5,320,957.

For instance, the preparation of recombinant Bgll and its corresponding methylase is

disclosed in U.S. Patent No. 5,366,882. The preparation of recombinant Sfil and a

corresponding methylase is provided in U.S. Patent No. 5,637,476. Other

methylases useful with vectors containing Sfil recognition sites include the

20 methylase for Haelll and Dcm methylase.

In another embodiment, at least one of the restriction enzyme sites in the

donor vector and/or flanking the DNA sequence of interest is a site for a type IIS

enzyme, e.g., Sapl. Figure 12 illustrates the preparation of a recipient vector of the

invention from a donor vector and an acceptor vector using vectors with recognition

25 sites for type IIS restriction enzymes. To employ sites for type IIS restriction

enzymes in directional cloning, at least two unique sites for that restriction enzyme

and/or unique site(s) for a different restriction enzyme that generates non-self

complementary single-strand DNA overhangs that are complementary with the

overhangs generated by the first restriction enzyme are selected. Methylation may

30 be employed to increase the frequency of desired vectors, as well as the use of

selectable and counterselectable genes.
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In one embodiment, the restriction enzyme used to linearize the donor vector

and the acceptor vector are the same, for instance, the donor vector has unique Sapl

sites flanking the DNA sequence of interest, which sites, once digested with Sapl,

yield non-self complementary single-strand DNA overhangs that are complementary

5 with the single-strand DNA overhangs generated after digestion of the acceptor

vector with Sapl. In another embodiment, the donor vector has unique Earl sites

flanking the DNA sequence of interest which sites, once digested with Earl, yield

non-self complementary single-strand DNA overhangs that are complementary with

the single-strand DNA overhangs generated after digestion of the acceptor vector

10 with Earl. In another embodiment, the restriction enzyme used to linearize the

donor vector and the acceptor vector is different, for instance, the donor vector has

unique Sapl sites flanking the DNA sequence of interest, which sites, once digested

with Sapl, yield non-self complementary single-strand DNA overhangs that are

complementary with the single-strand DNA overhangs generated after digestion of

1 5 the acceptor vector with Earl. The preparation of Sapl and a corresponding

methylase are disclosed U.S. Patent No. 5,663,067.

In contrast to the use of Sfil vectors for directional cloning, which yields 12

bases (3 potential codons) at the exchange sites, the use of Sapl vectors yields 3

bases (1 potential codon) at the exchange sites. Thus, Sapl vectors are particularly

20 useful in recipient vectors as the protein encoded by the DNA sequence of interest

in the recipient vector may include only two additional residues, one at the N-

terminus and one at the C-terminus, e.g., a codon for methionine at the N-terminus

and a residue at the C-terminus which is frequently found at or near the C-terminus

of a plurality of proteins. Accordingly, proteins expressed from Sapl vectors are

25 very close in composition to their corresponding native protein. Moreover, the

overlapping sequences which form the exchange site may be chosen to correspond

to codons employed at a certain frequency in a particular organism.

In another embodiment, shown in Figures 14-15, a two enzyme approach is

used for directional cloning. For the donor vector, the DNA sequence of interest is

30 flanked by at least two restriction enzymes sites. One of the sites is for a first

restriction enzyme which is an infrequent cutter ofcDNAs or open reading frames
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in at least one species and generates single-strand DNA overhangs while the other

site is for a second restriction enzyme that is also an infrequent cutter ofcDNAs or

open reading frames in at least one species and generates ends that are not

complementary to the ends generated by the first restriction enzyme. In one

5 embodiment, the second restriction enzyme generates blunt ends. For instance, a

donor vector has a drug resistance gene 1 and a DNA sequence of interest flanked

by a restriction enzyme site for an enzyme (enzyme I) that is an infrequent cutter of

human cDNAs or open reading frames and generates a single-strand DNA

overhang, e.g., Sgfl, and by a site for a restriction enzyme (enzyme II) that in an

10 infrequent cutter in that same species and generates blunt ends, e.g., Pmel. The

donor vector which, optionally, is an expression vector, is mixed with an acceptor

vector, which has a different drug resistance gene, and at least two restriction

enzyme sites, and optionally a counter-selectable gene,. One of the sites in the

acceptor vector is for a restriction enzyme (enzyme III) that generates single-strand

1 5 DNA overhangs which are complementary to those generated by enzyme I, e.g.,

Pvul or Pad, and a restriction enzyme site for an enzyme (enzyme IV) which

generates ends which can be ligated to the ends generated by enzyme II, e.g.,

enzyme IV generates blunt ends, for instance, enzyme IV is Pmel, EcoRV, Ball, or

Dral. After digestion with the enzymes, ligation of the linearized donor and

20 acceptors vectors yields a recipient vector comprising the different drug resistance

gene and the DNA sequence of interest which is joined to acceptor vector sequences

via ligation of the two pairs of complementary single-strand DNA overhangs, or via

ligation of complementary single-strand DNA overhangs and blunt ends.

In one embodiment, a DNA sequence of interest is modified to contain

25 restriction enzyme sites for a restriction enzyme which is an infrequent cutter of

cDNAs or open reading frames in at least one species and generates single-strand

DNA overhangs (enzyme I) and a restriction enzyme that is an infrequent cutter of

cDNAs or open reading frames and generates ends that are not complementary to

the ends generated by the first restriction enzyme or blunt ends (enzyme II) (Figure

30 1 5). The DNA sequence of interest is mixed with an oligonucleotide having

complementary sequences to the site for the infrequent cutter which generates
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single-strand DNA overhangs and an oligonucleotide having complementary

sequences to the site recognized by the enzyme which is an infrequent cutter and

generates ends that are not complementary to the ends generated by the first

restriction enzyme, e.g., blunt ends, and the mixture is subjected to an amplification

reaction, yielding a DNA fragment. In one embodiment, the second restriction

enzyme is a blunt cutter. The sites which were added to the ends of the DNA

sequence of interest, once digested, yield a single-strand DNA overhang at each

end, or a single-strand DNA overhang at one end and a blunt end at the other.

Complementary single-strand DNA overhangs to the overhangs generated by

enzyme I, or a complementary single-strand DNA overhang to the overhangs

generated to enzyme I and a blunt end, are generated in an acceptor vector with

restriction enzymes III and IV, respectively, yielding a linearized acceptor vector.

The linearized acceptor vector, which comprises a drug resistance gene, is ligated to

the digested DNA fragment, to result in a recipient vector. The recipient vector

contains the drug resistance gene of the acceptor vector and the DNA sequence of

interest flanked by sites generated by the joining of the complementary single-

stranded DNA overhangs at each end, or the complementary single-strand DNA

overhangs at one end and the blunt ends at the other. The SgfUPmel approach can

result in a recipient vector which encodes a protein with no additional residues at the

N-terminus of the protein, e.g., one positioned 3
f

to a RBS or Kozak sequence or

encoding a fusion protein with an N-terminal or C-terminal fusion of one or more

amino acid residues (Figures 16-17 and Table I, which shows enzymes which

generate blunt ends and the exchange site created by ligation of a blunt end

generated by Pmel and a blunt end generated by each of those enzymes).
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The Sgft/Pmel approach may also be used to introduce two DNA fragments

of interest into the same vector (Figures 18-19). For example, a donor vector is

obtained or prepared that contains a drug resistance gene 1 and a DNA sequence of

interest flanked by a restriction site for a restriction enzyme which is an infrequent

5 cutter ofcDNAs or open reading frames in at least one species and generates single-

strand DNA overhangs (enzyme I), e.g., Sgfl, and a site for a restriction enzyme

which is an infrequent cutter ofcDNAs or open reading frames and generates blunt

ends (enzyme II), e.g., Pmel. An acceptor vector is prepared or obtained that

contains a drug resistant gene 2, a restriction site for a restriction enzyme (enzyme

10 III) which generates single-strand DNA overhangs that are complementary to the

overhangs in a donor vector linearized with enzyme I, which restriction enzyme is

different than enzyme I, e.g., Pvul, and a restriction site for an enzyme which

generates blunt ends (enzyme IV), and is different than enzyme II, e.g., HpaL The

acceptor vector also includes two additional restriction sites, each of which are 5
' or

15 3 ' to the DNA sequence of interest in the acceptor vector, one ofwhich is for a

restriction enzyme (enzyme V) which generates single-strand DNA overhangs that

are complementary to the overhangs generated by enzyme I, which restriction

enzyme is different than enzyme I,
,
e.g., Pad, and another for a restriction enzyme

that generates blunt ends (enzyme VI), which enzyme is different than enzyme II or

20 enzyme IV, e.g., Swal. The donor vector is linearized with enzyme I and enzyme II

and ligated to an acceptor vector linearized with enzyme III and enzyme IV, to yield

a recipient vector having drug resistance gene 2, the DNA sequence of interest, and

sites for restriction enzymes V and VI which are both 5
' or 3

' to the DNA sequence

of interest. A second donor vector having a drug resistance gene and a different

25 DNA sequence of interest flanked by a restriction site for enzyme I and another for

enzyme II is digested with enzymes I and II, and mixed with the recipient vector,

which is linearized with enzymes V and VI, resulting in a second recipient vector

having both DNA fragments of interest. Such a recipient vector is useful to study

protein-protein interactions, e.g., in two hybrid or colocalization studies, and is

30 particularly useful in systems in which one protein is not expressed or is only
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expressed at low levels in the absence of expression of a binding protein for that

protein.

V. Libraries

The vectors of the invention may be employed to prepare libraries of open

5 reading frames, such as ones representing at least 10%, and up to 50% or more, of

the open reading frames for the genome of a particular organism, as well as libraries

of mutated open reading frames. For instance, amplification primers for individual

open reading frame are designed. For the forward primer, in one embodiment, an

Sgfl site is placed one base 5
f

(upstream) from a start codon (ATG) for the open

10 reading frame, which primer is of a length and has sufficient sequence from the

reading frame so as to provide an adequate Tm for annealing the primer during

amplification (e.g., > 45°C) to a template having the complement of the open

reading frame. The reverse primer includes a Pmel site appended directly to the

antisense of the last codon prior to the stop codon of the open reading frame. The

15 reverse primer is of a length and has sufficient antisense sequence from the C-

terminal portion of the open reading frame so as to provide an adequate Tm for

annealing the primer during amplification to the template, and preferably matched in

Tm to the corresponding forward primer (e.g., > 45°C). The forward and reverse

primers preferably have an additional 3 to 5 bases appended 5
' to the Sgfl and Pmel

20 sites to ensure rapid digestion of the amplified open reading frames by those

enzymes. The open reading frame is then amplified from a cDNA template, an RNA

preparation, genomic DNA or a plasmid clone having the open reading frame. The

open reading frame is preferably amplified by a high fidelity polymerase, e.g., Pfu

DNA polymerase, especially if the amplified region is greater than 800 bp.

25 The amplified open reading frame may be cloned in two ways: A-tailing or

digestion with Sgfl and Pmel, and ligation to an appropriately linearized vector. In

one embodiment, the amplified DNA is tailed with an additional adenine residue at

each 3' end and then cloned with standard T-tailed PCR cloning vectors (e.g.,

pGEM®-T Easy Vector, Promega). Alternatively, topoisomerase I sites are

30 appended to the 5' ends of the forward and reverse primers and the PCR fragment

cloned using a TOPO®-cloning vector (e.g., pCR®-Blunt, Invitrogen, or if also A-
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tailed, pCR®4-T0P0, Invitrogen). If Taq DNA polymerase is used to generate the

amplified open reading frame, then A-tailing is unnecessary. For instance, the PCR

fragment is treated with 0.2 mM dATP in IX Taq reaction buffer having 5 units Taq

DNA polymerase for 15 minutes at 70°C, and a small portion is removed (e.g., 1-2

5 ^1) for a ligation reaction, e.g., with pGEM®-T Easy Vector, or digestion with Sgfl

and Pmel, and ligation to a vector digested with Sgfl and Pmel, e.g., ACCEPT-6

(see Figure 21C). Optionally, the amplified fragment is purified prior to digestion

with Sgfl and Pmel, e.g., to remove the primers. Subsequent to the restriction

digest, the fragment is optionally purified to remove small oligonucleotides

1 0 liberated from the digested fragment.

The ligation mix is then transformed into an appropriate E. coli host, e.g.,

JM109, and plated on selective media, for instance LB-agar plates with 100 ng/ml

ampicillin. After an overnight incubation at 37°C, the resulting colonies are picked,

grown overnight in LB media supplemented with 100 ^g/ml ampicillin, plasmid

15 DNA purified and screened for the appropriately sized insert, e.g., by digesting the

plasmids with Sgfl and Pmel and subjecting the digested plasmids to gel

electrophoresis.

The process of cloning open reading frames can be done in parallel with a

plurality of open reading frames of an organism or group of organisms. For

20 example, forward and reverse primers can be provided in an arrayed format, such as

in a 96-well or 3 84-well plate, such that the forward and reverse primers for a

particular open reading frame are in the same well. Template cDNA and

amplification reagents can be provided simultaneously to the whole plate and an

amplification reaction carried out in all 96 or 384 wells simultaneously. Similarly,

25 the steps of purifying amplified DNA, optionally digesting the amplified DNA with

restriction enzymes or A-tailing of the amplified DNA, ligation to vectors and

transforming of E. coli can all be accomplished in 96-well or 384-well plates. The

transformation mixtures can be individually plated on selective media, and after an

overnight incubation at 37°C, the resulting colonies are picked, and grown overnight

30 in LB media supplemented with 100 ng/ml ampicillin. Plasmid DNA is purified and

screened for the appropriately sized insert, for instance, by digesting the plasmids
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with Sgfl and Pmel and performing gel electrophoresis. Colonies harboring

plasmids with the correctly sized inserts, or isolated plasmids can then be placed

back in 96-well or 384-well plates, thus producing an arrayed collection, or library,

of open reading frames. In one embodiment, the array represents 5% or more, e.g.,

5 10% to 30%, or 70% or more of the open reading frames of an organism or group of

organisms. Alternatively, the array may contain a particular subset of open reading

frames, for example, a multigene family of paralogous genes from a given

organism, a group of orthologous genes from multiple organisms, a set of genes that

are involved in a similar pathway (e.g., a signal transduction pathway), or a group of

10 genes encoding functionally related gene products, e.g., including but not limited to

oxidoreductases, transferases, hydrolases, lyases, isomerases or ligases, e.g.,

kinases, e.g., receptor or non-receptor tyrosine kinases or receptor or non-receptor

serine/threonine kinases including MAP kinases, phosphatases, e.g., tyrosine

phosphatases, proteases, guanylate cyclases, G-protein coupled receptors, G-protein

15 regulators, cytochrome P450 enzymes, phospholipases, proteins for medical use, for

instance, therapeutic proteins, proteins for industrial use, for instance, in

biocatalysis, and the like.

In another embodiment, a non-arrayed library of open reading frames is

employed as a source for selection or screening for a particular property, e.g., in

20 vivo binding to a protein of interest in a yeast two hybrid screen or altering the

expression of a gene product of an open reading frame present in the vector

backbone (a coexpression system). In one embodiment, DNA from colonies grown

in each well can be purified, and small aliquots from each well can be combined

into one common pool to be transformed into yeast which express a protein of

25 interest. Alternatively, a library of open reading frames is introduced into a vector

which encodes a protein of interest and clones identified which have open reading

frames encoding gene products which interact with the protein of interest or increase

expression of the protein of interest. In one embodiment, the two genes which

encode interacting gene products are present in a polycistronic RNA, e.g., one

30 having an IRES.
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A pooled library may also be employed for directed evolution. Thus, a

particular open reading frame is mutagenized, for example, by mutagenic PCR.

Each mutagenized open reading frame in the mutagenized pool has Sgfl and Pmel

sites at the 5' and 3
?

ends, respectively, of the open reading frame. The mutagenized

5 pool is optionally purified, digested with Sgfl and Pmel, optionally purified away

from small oligonucleotides liberated by the restriction digests, and ligated to an

appropriate vector, e.g. ACCEPT-6. The ligation mix is then transformed into an

appropriate E. coli host, e.g., JM109, and plated on selective media, LB-agar plates

with 100 ^g/ml ampicillin. After an overnight incubation at 37°C, the resulting

10 colonies are picked, grown overnight in 96-well or 384-well plates using selective

LB media and screened for a selected activity, e.g., an activity that is different than

the activity of the gene product encoded by the corresponding nonmutagenized open

reading frame. In some embodiments, multiple clones are present in each well, and

sib-selection methods employed to identify clones with a desirable characteristic(s).

15 For example, if one well shows desirable characteristics, it can be plated on

selective media, and after an overnight incubation at 37°C, the resulting colonies are

picked, re-grown overnight in selective media in 96-well or 384-well plates and

rescreened for the characteristic(s).

The invention will be further described by the following non-limiting

20 examples.

Example I

An ampicillin-sensitive donor vector was prepared which has a green light

emitting luciferase gene flanked by Sfil sites which, after digestion, do not yield

25 complementary single-strand DNA overhangs (Figure 20A). An ampicillin resistant

acceptor vector was also prepared which has a red light emitting luciferase gene

flanked by Sfil sites which, after digestion, do not yield complementary single-

strand DNA overhangs but each ofwhich is complementary to one of the single-

strand DNA overhangs flanking the green light emitting luciferase gene. These two

30 vectors were digested in T4 DNA ligase buffer with Sfil at 50°C for 1 hour. The

reactions were cooled to room temperature, and T4 DNA ligase added. The ligation
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reaction was conducted at 22°C for 30-60 minutes. A portion of the ligation

reaction was subjected to gel electrophoresis, while another portion was used to

transform JM109. The transformed cells were placed on nitrocellulose and

incubated overnight.

5 The filter was floated on 1 ml 100 mM citrate (pH 5.5) with 1 mM luciferin

potassium salt at 40°C. An image was then obtained with a CCD digital camera

(Minolta Dimage 7; 4 secondsf4.5). The results show that Sfil cuts in ligase buffer,

and that the cut ends religate in the presence ofT4 DNA ligase (Figure 20B). To

improve the number of desired clones, an acceptor vector containing a

1 0 counterselectable marker may be employed.

Example II

Vectors

The pDONOR-4 CAT vector was utilized as the source for the

15 chloramphenicol acetyl transferase (CAT) reporter gene with its native promoter

between the Sgfl and Pmel sites. pDONOR-4 contains a kanamycin resistance gene

for bacterial selection, and restriction enzyme sites Sgfl and Pmel for directional and

flexible cloning.

The pDONOR-6 LacZ vector was utilized as the source for the LacZ

20 reporter gene. pDONOR-6 contains a kanamycin resistance gene for bacterial

selection, a T7 bacteriophage promoter, and restriction enzyme sites Sgfl and Pmel

for directional and flexible cloning.

The pACCEPT-F vector (Figure 21A) was utilized as the source of the

backbone sequence for the reporter genes. pACCEPT-F contains an ampicillin

25 resistance gene for bacterial selection, a T7 bacteriophage promoter, and restriction

enzyme sites Sgfl and Pmel for directional and flexible cloning.

Results

The LacZ reporter gene from pDONOR-6 LacZ was transferred to

pACCEPT-F in a two step process. First, pDONOR-6 LacZ was digested with the

30 restriction enzymes Sgfl and Pmel in Promega Buffer C with BSA at 37°C for 1

hour to free the LacZ gene from the vector. Following digestion, the restriction
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enzymes were inactivated by heating the reaction tube to 65°C for 20 minutes.

Second, linearized pACCEPT-F, T4 DNA ligase, ATP, DTT and additional Buffer

C were added to the reaction tube and ligation was initiated by incubating the tube

at 22°C for 1 hour. Following ligation, an aliquot of the reaction was transformed

5 into E. coli cells (JM109), and the transformation mixture was plated onto Luria

Broth (LB) plates containing ampicillin, X-Gal, and rhamnose. The colonies were

visually screened for their ability to utilize X-Gal thereby producing a blue color.

Results demonstrated that approximately 90% of the colonies produced a blue color,

demonstrating the percent transfer of the LacZ gene from the pDONOR-6 LacZ to

10 the pACCEPT-F vector (percentage was calculated by total # blue colonies/ total#

colonies x 100).

The LacZ reporter gene from pDONOR-6 LacZ was also transferred to the

pDEST-F in a two step process. First, vectors pDONOR-6 LacZ and pACCEPT-F

were digested in one tube with the restriction enzymes Sgfl and Pmel in Promega

15 Buffer C with BSA at 37°C for 1 hour to free the LacZ gene from the vector.

Following digestion, the restriction enzymes were inactivated by heating the

reaction tube to 65°C for 20 minutes. Second, T4 DNA ligase, ATP, DTT and

additional Buffer C were added to the reaction tube and ligation was initiated by

incubating the tube at 22°C for 1 hour. Following ligation, an aliquot of the reaction

20 was transformed into E. coli cells (JM109), and the transformation mixture was

plated onto LB plates containing ampicillin, X-Gal, and rhamnose. Results

demonstrated that approximately 81% of the colonies produced a blue color.

The CAT reporter gene from pDONOR-4 CAT was transferred to the

pACCEPT-F in a two step process. First, pDONOR-4 CAT was digested with Sgfl

25 and Pmel in Promega Buffer C with BSA at 37°C for 1 hour to free the CAT gene

from the vector. Following digestion, the restriction enzymes were inactivated at

65°C for 20 minutes. Second, linearized pACCEPT-F, T4 DNA ligase, ATP, DTT,

and additional Buffer C were added to the reaction tube and ligation was performed

at 25°C for 1 hour. Following ligation, an aliquot of the reaction was transformed

30 into E. coli JM109 bacterial cells, and the tranformation mixture was plated onto LB

plates with ampicillin. Of the resultant colonies, 100 were re-plated onto LB plates
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with chloramphenicol. Colonies which grew on chloramphenicol contained the CAT

gene. Transfer efficiency of the CAT gene from the pDONOR-4 CAT to

pACCEPT-F vector was determined to be approximately 94% (percentage was

calculated by total # CAT resistant colonies/ total# colonies tested x 100).

5 The CAT reporter gene from pDONOR-4 CAT was transferred to the

pACCEPT-F in a one step process. To the reaction tube was added pDONOR-4

CAT, linearized pACCEPT-F, restriction enzymes Sgfl and Pmel, Promega Buffer

C with BSA, T4 DNA ligase, ATP, and DTT. The restriction digest was initiated by

incubating the reaction tube at 37°C for 1 hour. Following digestion, the reaction

10 temperature was lowered to 25°C for 1 hour to allow for the ligation reaction to

occur. Following ligation, an aliquot of the reaction was transformed into E. coli

JM109 bacterial cells, and the tranformation mixture was plated onto LB plates with

ampicillin. Of the resultant colonies, 100 were re-plated onto LB plates with

chloramphenicol. Colonies which grew on chloramphenicol contained the CAT

15 gene. Transfer efficiency of the CAT gene from the pENTRY-4 CAT to the

acceptor vector was determined to be approximately 37%.

Example HI

An inducible system useful for cloning including directional cloning

20 includes a recombinant host cell encoding a gene product regulated by an inducible

promoter, which gene product specifically increases transcription of a DNA of

interest in a vector introduced to the cell. In one embodiment, a first vector includes

the open reading frame for a gene of interest operably linked to a promoter, e.g., a

T7 promoter, which vector has a transcription terminator sequence, for instance, the

25 rrnB terminator (to reduce aberrant expression), 5' to the promoter, a drug resistance

gene, e.g., kan
R

, sequences which permit the vector to be maintained in a host cell at

high copy numbers, optionally sequences which reduce vector multimerization, e.g.,

cer sequences, as well as restriction enzyme sites flanking the open reading frame.

In one embodiment, the restriction enzyme sites flanking the open reading frame are

30 for two different infrequent cutters which do not generate complementary DNA

ends (enzyme I and enzyme II) (Figure 21). The vector in Figure 21 also includes a
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T7 transcription terminator 3' of a Pmel site. A second vector having a backbone of

interest for the open reading frame, preferably contains a different drug resistance

gene, e.g., ampK, and optionally the same transcription terminator sequences,

promoter, sequences which permit the vector to be maintained in a host cell at high

5 copy numbers, and optionally sequences which reduce vector multimerization as the

vector containing the open reading frame of interest, wherein the transcription

terminator sequences and promoter in the second vector are 5' to restriction enzyme

sites for two restriction enzymes (enzyme III and enzyme IV) that generate ends that

are compatible with ends generated by enzyme I and enzyme II, respectively. For

10 instance, enzyme I is Sgfl, enzyme II is Pmel, enzyme III is Pvul, and enzyme IV is

Dral. In another embodiment, the restriction sites recognized by enzymes I and III

are the same, e.g., sites for Sgfl, and the restriction sites recognized by enzymes II

and IV are the same, e.g., sites for Pmel. The resulting vector is introduced into a

host cell which can be induced to express a gene product which increases

1 5 transcription of the promoter which is 5
f

to the open reading frame, e.g., a gene

product such as T7 RNA polymerase.

For example, a rhamnose-inducible system including a host cell useful to a

clone and express a gene of interest was prepared. For instance, one or more of the

rhaBAD catalytic genes in JM109 are deleted, replaced or interrupted via insertional

20 mutagenesis. In one embodiment, the rhaB gene in JM109 was deleted, and a

vector with the rhaBAD promoter (e.g., see Egan et al., J. Mol. Biol., 234:87 (1993)

and Wilms et al., Biotech Bioeng. , 73:95 (2001)) linked to the T7 RNA polymerase

open reading frame, stably introduced to those cells, yielding recombinant host cell

JM109RX. A vector containing a luciferase gene linked to the T7 promoter was

25 introduced to JM109RX, BL21(DE3) (Novagen), and BL21-AI (Invitrogen) cells.

The transformed cells were grown at either 25°C or 37°C, then contacted with

rhamnose (JM109RX), IPTG (BL21(DE3)), or arabinose (BL21-AI), and luciferase

activity measured at various time points.

The data showed that there was a much lower level of uninduced luciferase

30 expression in transformed JM109RX cells than in the comparable arabinose

inducible system. The rhamnose inducible system may thus be particularly useful to
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clone toxic genes present in a donor vector or an amplified fragment, although the

rhamnose-inducible system is not limited to the cloning of those genes.

Moreover, the induction of luciferase activity in transformed JM109RX cells

was slow compared to luciferase activity in transformed BL21(DE3) or BL21-AI

5 cells, yet resulted in high final induction levels, e.g., high protein levels, e.g., at

times t = 4 hours at which RLU were 100 X greater (Figures 22A and C). Further,

the use of a rhamnose-inducible system at 25°C yielded more luciferase activity

than at 37°C, e.g., at least 10-70 fold more at peak (Figures 22A and C). The

observed expression profile of such a system may allow for increased solubility of

10 the expressed protein, e.g., due to increased time to fold. In addition, the rhamnose-

inducible system is glucose repressible. Therefore, combinations ofrhamnose and

glucose may be employed to finely tune the expression profile of a gene of interest

which is linked to a rhaBAD promoter.

15 Example IV

A system to express a toxic gene was prepared. A stably transformed host

cell, JM109, was prepared that contained an expression vector encoding an

immunity factor for barnase, barstar, which was expressed from a constitutive

promoter, e.g., the 4c promoter, integrated into lamB. A vector containing a lambda

20 PL promoter linked to a truncated barnase gene (see, e.g., Accession No. XI 2871 or

Ml4442 (barnase genes from Bacillus amyloliquefaciens) or AE007600 (a barnase

gene from Alostridium acetobutylicum), which lacked the secretory sequence, was

introduced to those stably transformed cells.

25 All publications, patents and patent applications are incorporated herein by

reference. While in the foregoing specification this invention has been described in

relation to certain preferred embodiments thereof, and many details have been set

forth for purposes of illustration, it will be apparent to those skilled in the art that

the invention is susceptible to additional embodiments and that certain of the details

30 described herein may be varied considerably without departing from the basic

principles of the invention.
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